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Chapter TA2 1

INPUT-OUTPUT ANA ASSIGNMENT STATEMENTS

Summary of Chapter` A2

Enough of the ALGOL language is introduced in this chapteto enable a

studerit to write very simple programs. One series of exercises is arranged in
i such a way as to build tip complete pr grams, any or all of which, can be com-

puter tested. These are exercises 1- at theendof sections s

and ,

A2-3 Set A

A2-3- Set B

.A2-7.

In addition, Exercise 8,' Section A2-7, is also recommended for computer -

testirig. It will-be interesting tto the bpfter students. You may need to giVe
the students some.special helpwith this one.

The outline:

A2-1 Some batkground-on What is AIGOLand. what iLGOI, programeldoklike.
- , #,

. .
. .

A2i2 The elements of the language, its characters, ntfterals for..

..* -

constants,'variaPles, labels, names for funcions,operators-,'
and.special,symbols.

.

-.

A2-3 The read and print statemenps ere introduced. Slfice ALGOL does
riot -Specify, format codes for describing input and output records,
only a7gerferal awareness of the grobiem is transmitted.to the
students, A suggeited free` form for- data cards and a standard-.

formatted'output areimaantb These are explained by discuss=
ing the execution Of redd and rint procedtres in°a typical:,
ALGOL implementation.

-

..

. ':A2-4: The.assignment statement is explained largely in terMs'qf 'what
has been4earned-from the extensive materia),:in the flow chart
keit. ,,The student should parattenttonto:the difference ber
tween real and tnteger division,. the latter being explained in
terms of the greatest integer unction. .

.,

Order' of:computation in an 4 expression is explained in:
terms of the material given in the flow chart text., 0

A2-6 :' 'Obn;rcrting integers to reels ad ,vice-versa is shc3wn to be decom-pliShed by the assignment stateient. ' k . f,

t
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A2-7

14(

/'

A simple (but complete) ALGOL. program is disiilayed and a set of
exercises given where -the student -is asked towrite his first

complete programs. The .congept of "head" and "body" of .a pro-

gram is introdlided. So is the notion of a ccmppund statement

as opposed,to a simple isptement. ,The conpept of a "block" is

not mentioned, however. j

41
,

"- Literature On ALGOL 60 and its 'implementation

A.nonexhaustive'list is provided here.

Reference manuals Nlie.manuals .14...sted are revised frequently and the

d9cumentnumbers that are given may not reflect the latest revision.)

' Computer.0 1

1. "pc-tended ALGOL Reference

B5000." Burroughs Corp.,

2. "Miscellaneous Facilities
1 B5000." Burroughs Corp.,

Manual for the
Bull. No. 5000,21012

of Extended ALGOL for
Bull. No. 5000-21013

B5500

3. Burroughs Algebraic Compiler, Bull. No. 220-21017 "B220

ALCOR Algol for the IBM 7090
Latest reference manual avai.11ble from the
University of Illinois Computer Laboratory

B. Primers, guides and other texts 0

The best source` of such material is the 8MSG annotated bibliography
entitled "Study Guide .in J4gital.ohiputing and Related Mathematics,"
which is reprinted at the end of the Teachers Commentary for the

Main Text. See especially the references mentioned in Sebtion III,

Algorithmic LangUages.:

IBM 7090/94°

t.

4
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TA2 -1

A2-1 "Target" programs and source programs'

Terminology ohanges rapiky'in a field whic* is moving as rapidly as the

computer Most of the elder literature u d the object program:
We c'e using the currently preferred term in',016 singtthe word target.

In addition tp the normal manner'of !processing a source program as de.

scribed in the student text, there is an alternative approach which is worth

knowIng about. In this approach, the proceskr or-compiler program produces

a target program which is executed in the " interpretive mode."

This type of target program 'consists cl instructions that are not strictly

machine codes. They are machine-like instruction codes, often called an

"Interpretive" cvle.

.rs
in'ordet to execute such a target, a specially developed "interpreter"

\ '
Program must be stored in memory along with the target before execution can

troceed, Such compilers have been very successful, especially on machines
.4

with-limited memory such as the IBM 1620: The interpreter program has the,task

l'k.interpreting and then carrYq.ng out the intent of each pseudo instruction

of the target code. The interpreter program in a sense simulates a computer

within a computer. The successpf these compilers is explained by the,-fact
that an ALL source program translated into interpretive .ode often occupies

far less memory (fewer pseudo instructions) than an ALGOL source program whOth

ins tramalated into machine:code (more actual instructions). In the former

(interpretive) case, the total combined memory requirement for tp flterpietIVe

code,produced by the cbmpiler and the interprler program is norTally less thano

that foe' the straight machine code:. It is for this reakn that,this approach
,

is popular fOr.machines of limited' memory.". en the other hand, the latter

(machine code) case normally results in fagter-running programs.

Some computers have been designed and built so that the task of compiling
,id made easy. The Burroughs B-57000 computer is an example. An ALGOL compilr

for till'scomputers develops a target program-expressed in machine code'which is .

as compact as could by Obtained with mast interpretive approaches -- so the
oft .

advantages.of
-
both.storage economy and running speed are thereby alieved with

esserAially none of -.die disadvantages.,

fl
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TA2-2
4

A2-2 The Character Set.

Many of the characters shown in Table A2-1 are also shown in the card pic-

ture, Figure 1-15 in Chapter 1 of the main text.
4

The special arrangement of letters and digits in Tab1e.A2-1 is to empha-,

size that.fettees and digits in the same column'a.f the table hd one hole

punch of their code in cam,. For example, if you inspect the card_picture

you 1441 see that the letters E, N, and V and'the digit 5 each have a

punch in row 5.

Character

E

N

Row punches used,

12, 5

t11, 5

0, 5

5

Those characters which are not shown is Figure 1-15 are generally not

available. on the standard "office printing key pu&h" which is usually tbe
. , .

IBM Model 026. Special models, are being built, not always available, which -
9

have many t;,f the special characters needed in ALGOL programs, like

;

Notice that even with special, key punch we stif141ack the ibwer case
- .. - *

. letters. gccordingly,.when translating a handwr itten ALGOL program to punch
. ,

cards, a umber of agreemepts and compromises must still be made, and even'if

we could key.punch.the lower case letters) we would still have a probliem in

edtgnizLng the underlined or boldfaced words like begin, comment,,E2 to and

end.

. The significanofkof these special symbols in ALGOL is explained at the end
(

j of Section A2-2. 'Hoy,--then, do computer implementations of ALGOL distinguish

between, say'
.

-begin, begin; and BEGIN

if all three must be punched on a card in upper case? The answer is they can-

not be' distinguished. Two approaches to a solution to this difficulty have

been used. The fiEot approach requires.that some special delimiter clieracter,
0

like the apostrophe, be placed on either side of the word if we mean the sper '

cial symbol. Thus, begin should appear as 'begin'. In this same approach the
°.

identifie9 begin and BEGIN in an ALGOL program would both be pUnched as BEGIN

and must therefore havethe same meaning. r

.1 I

f
ti



TA2-2

The secondapproach is simply to reserve character strings like BEGIN, GO
. .

,
TO, END, REAL, etc. 'That is, give them 6ne meaning only--namely the special

. .

symbols begih, go to, end, real, etc, This means we may not use the Game char-

acter strings as variables, labels, or function names. The programmer's job,

theq,,is tc memorize these 15 or 20 special symbols and be sure never to use

. thele in any other context. .
c ;

.1-.'

.9
The punched cards which are illustrated in Figure A2 f5 were prepared on a ,

special IBMModel 026 key punch to
.
which seven special characters have been

added. TheSe are

< <
$

It has a special punch, the ,which is used to sign1fy the &I.GOL assignment

symbol*=). Tn enc. compiler System the , produced b, a single key stroke,

.;must be used when we mean the.assignmen, sumbol :., even thoughiboth
: and

are .alss,qpart of the set. This is because := in ALGOL is thought,of as a

single character a'nenot a pair of characters. Figure TA2-1 shows the 1111

character set available on the special IBM 026.

0123456789

100,00000000
I.2 34ss;isioil
111111,11111

12122222222

33313333333

44441444444

51555155555

66666616666

77777771777

888488881U

99999999919
23.56,110H

071.0E

ABCDEFGHI JKLMNOPQR SJUYItY2 gk'*) C]<-: +
111111111 1, I \1. I

1111111.11. I ! I I

op00000000000000000000mmuotp000 p0000pobool0000000O0000r000000
1.04oWnmismann2. nnynn3a33numnu233tnomuou.soeu sommusosmuussumgmunKuumonnnmmnnnnu
11111111111111111111111111111,1111f4111 1111111111111111111111111111111

22212222222221222.2222212222.221,212222 222222222222222222222222222222h

33331333333333133333333133333331111 333333333733333333333333333333333

44.44414444444441444444441444444444441M44444444444444444444444444444

55555515655,55555.15555555515555655 5555551M555555555555555555555555

666666616666666661666666661666666 666666666666111166666666666666661666
a

117171.1111,1711-71111177)177111711 111),)711111111111111111111117111i111
1

$888888681848144188188888488188 1-18111181111811.118881888888888888888

9994999999199999.999919999999919 999991999999999999999999999999999999
un4minammnnnnzintInnAmurlunxnunoc.quouvous3simusinxtsilloginugmuuuomnnammmilmn%)

1

Figure TA2-1. Punch card code

Model 026 ey punch
Ow.

realized on the special

`

4
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TA2-2

Characters

Fire cf the special eniracters in Figure 1-15 were placed cn key punc es

when ALGOL became availably several years a,o, Prior to that time other sp

vial chatrao.ters preferred b, true business community were used. The business

commanity was and still is the largest user of key punches. Sc, if you-need

-ey punches for your laboratory classes and obtaiit the use of a "business" ke

punch., you can expect the iseys tc displIty a different set cf special character

There is an equivalence between the ALGOL set and any ether s,et in the sense

that upeto now all kcy pianch machines punch only one set
4.
of hole'comb.inations,

i.e., the ones shown on the card ?aicture. ()rely the chpracters.
.

pr_nted on the

k,?ys, and the c_rrespondluj characters.that print at the very tbp cf the card
.i. _

in each ccluoe,., -tet:, diffe. The most bypical 'eqi4ivtlence is

ALGOL:' Business

Q
i )

1

) . C7. (lozenge)
..

+
.

& (ampersand)

Q (at, Bach)

.' (apostrophe) - (dash)

'interpretation of the s micon

fpne
1P,

student text we are emplt,yint, the semicolon as if it were a state-.

,
ment terminator. Tha;t,is, we ar. suggesting tc the student that 1"1e semicolon

becsed to'terminatc each statement. Strictly speaking, however; the semiY-

colDn is used to separate ,statements. It certain instances he semicolon is ,

net strictly necessary, especially when a statement is followed by end. Thus
in F:gure A2.+ thesemiccltn used in

a
c to START;

is not necessary. _Since lu these instances the superfluous Semicolon does no

harm, we prefer to use it consistently rather than tc frequently call the_

student's attention to the fact that it is.unnecessar..

0

O

'6 1I

Vr.
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TA2 -2

:Answers to Exerciseo42-2 Set A

Nuhbers below are constructedafrom parts shown below:

4:'"

14
104.0

1; 2b, 3
,

_
52.0 2c

- 017.11; 1, 2c,

101 3

+10
10

10

4

where

1 means sign

2b means, integral part ,

2c means fractional and
integral parts

,Answers.t2 Exercise A2-2 Set

means scale factur--

2.161IN is ,invalid since the first character is not aletter a z or

'
A -.Z. /

If

. .

are invalid since -Oley each contain a special character that 4
T.6 r.

i's neither a letter nor a digit.'.
'F-6

. .
. .

f.

4

7'12
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TA2-3

A2-3 Input - Output. Statements

When assigning these exercises, you may with to suggest that all7thet

students use the same data'values. In exercises lof Set B of this section, the

students may want to compute results fox comparidon with computer out-

414tto be developed with the exercises in A2-7 Set B. One set of suggested

data t given here. 4

- For Exercise

II

t

The answers below may differ in detail from what is correct in your

systeM. Make the necessary dorrections. In(particullar if you use punch cards)

1 ust!,-,T = 3.967-
.

2 ". n = 20i i = ,. and .jr= 4

, A.= B = t.0, 'C = D = 1. , and

X = 2.0 : g

4 m = 12t5 and n = 2.0

5 "

6 " °r = 10.0, s'=' 9.0 .and PHI = 1.11977

(arcsine of 2-1)
e'

A = 4.14, Y = 2.01

. 4
_

only Upper case letters are available. Also same systems;tseOmmas to sepa-

rate numerals on Uatd'Cardsinstead of blanks./

Anvers-to Exercises A2-3 Set A

7

read statement

1. read (T);

2; read (n, i, ,1);.

7

^t,

I

4

Data card picture

81 3



36.5*

4.00al

3. read (A, B, C, D, X);

Y.

read (1m, n);

5. read (A, Y);.*

6. % read (r, s, PHI);
ti

C/)

tt

'Answers to Exercises A2-3 Set If

Write statement

- ,

.
1 write (Z);-

' write ("i);

write (i);
.

1+ (Q)j

5 write (x):,

4

TA2-3

ARCSIN (i6)

4

a earahceof printed result
actual value)-

x
*

I 41:467(4

0.4911,

ti

*fr



5.87261

T-4-3

1p.

,6 'write (AREA)

$

The.studentneed not be aslied to develop,iits results with as many place

accuracy as shown here for 5 and .6. Three-place accuracy is probably_

sufficient in all cases. .COaect.the,second columnaappearance of ,printed

result", to apply to your particular computer.

.

Answers to Exercise A2-4 Set A
S

operands

A B

. operatilan

. , 0

Type of result

A O B

2

6.3

10

6

6

3

.09"

.4

.z.

.4

.
+

X

."

/

t

,

integer

real

. real

real

undefined

;04
2. Verify#g the mathematical formula Aor integer division

Case A

1

0
(A/B)

(?):4

. sign(A/B)
4

et
abs(A/B)

.;

0
elltier(abs(A/B))
-. -

A t B

1

.

2

3

4
.

5' -

6
. ,

7

8-s,--

9

ito
r

Ac7;11

10

'-5

.15
.

10

i

,,TO

-16

fA9,..,.,...1.1

1

.

lo

10

-1

-io

,
0.9

Ir.

10 .

10.5

-1.5

..ip

'-o.i

. .

+1
-

+1

-, +1

+1
,

-1-
. ,

,

. -1

-1

-1
.

.

,

0.9

,1.1

1

10

PI,

.

0.5

1.5
.

10

.

0.1$

,

r

-

.

0

I

1

10

o

1

10 "
t

,
0

.

.

0

1 ].

1

10

0

-1

' -10

0

.

iStep L3) is left out because it is the same as jtep (i).

lo 1.5 f

"
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TA2-4

The formula

,

A +"B+= pg-ntA/B) x entier(ebs(A/B)),
. L ..-

may be understood better if the student is urged to carry out the steps in

evAlliating the right-hand side as if the equal sign were a replacement operator
.....

pf an assignment step.'

The example,for..4=9, B = 10;- is shown in the figure below: It

might be.worthwhile, as an exercise, to require the student'to develop

similar figure for this or one of the other seven eXamples given in the student

10

text.

10= Sign(9/10) Xentier(pbs(9/10))

abs( R1 )

'
,Sign(114 )

x

10 = R6 S.

Answers to Exercises A2.4 ,Set B

Explanation

Form /i1 = 9/10
- -

Form R2 = abs(R1)

Form R3 = entier(R2)

Actual
'Value

Form R4 =.9/10

Form R5 = Sign(R4)

Form R6 = R5 X R3

2 10 is R6

0.9

0.9

0'

0.9'

+1

We/ hale ask6d the Student, as an exercise, to extract a rule for exponeh--

tiatioh out of,the twentytwo Cases given him.

,let i be a number of type integer

let r
u. u u

" real

let a " " " eith;g type_ _ _

/".

a
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s

e rmle may be stated thus: .

.: '.... c V
t

. ,' Type of4 .

Conditions sand dignA'icance , rUsult . -'-
'..

If i.> 0: a X a X ... X'a (i Limes)
ii
Same as ?Or %a 4 .,Categoly

0

Category 2:

If i = 0, if a 0: 1 . Same as 'An-, a

S
if a = 0: undefined

f i< 0, if a '0: 1/(a X a X...X a) real

st

if .a = 0: undefined

If a > 0: exp(r X'ln4a,))

a = 0, if r > 0:s 0.0
c.

l if r 0:, undefined
o

'If a < 0: always undefined

I.e
Answersn-Exercises A2-4 Set C.

1. . To exPre A3/2

(a) abs(At1.5)

(b) (A13)f05

(c) sqrt(Af3)

(d) abs(sqrt(At3))

.(f) abs(A)t1.5

4
(g) sqrt(ans(A3))

real

real

aim/ is unnecessary because 'A is

known to be, positive so A3/2 must

also be positive.

o.k., but expensive computationally
;. -

(will require log-antilog procedure).

This isthe best way. (Requires the

least amount of computation.)

abs function is unnecessary.

o.k., but expensive (req uiies the log-s-.

aritilog process).

abs function unnecessary. Also, it

requires iogantilogprocess.

abs funcion unnecessary -- otherwise,

as good as (c).

2: Only (f) or (g) would be satisfactory toexpreds 1A1312 . g) is

preferred because it avoids the log - antilog procebaAmother.alternative

would be sqrt(absCA.13). 4,

( 12 1 7
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Answers to Exercite Set

,In the three ih rrect statements below the first and third can be
:/corrected without guity. The Algol in the second statemege may be

, in two 7s; but th esUlting computations are different.

,(1) T := B X should be T := B x (-49r

.
but

(2) F := C/- may butOrrected'as F := CA.3)_47i4;

'Or as F CA-3 4- 4);

similarl

TAirly

l

corrected

These in
t

general .will
/yield diffei-
entresults.

)
(3) G = A

' X (C x -F/D)) may be corrected

, as
4(

1 := A + B x (C x (.F) /D); These are compute-4m.;

Jr as G:= A + B x (C x (4/ ally equivalent. '

Aniwers to Exercis4 A2-6

1. '(a) is a invalid-ALGOL constant. iIt'must be written Ns 4 or 4.0
-0

* is. a4 invalid ALGOL ope3latdr4 'Should be x . EXP as distin-
i t

guished from exp is o.k. un/Os the particular ALGOL implementation

you are Usi annot distinguish between lowercase and capital F.
%.letters. In this event the expression-would be considered invalid

EXP. will be interpreted as the standad.d mathematical fUnction
.since

Init is

(0 invali

ie an

(d) O.K.

,(e) 'O.K.

2. A:= lexp(,

3: 'realIFPART,---r
FPART := V

4. real V;

integer IN*;

INTPT entier(V);

riot followed by a parenthesized argUment,exiression.
.

4
I.

use of the symbol sin. If sine is meant then there should
...--*gUient enelosed in parentheses following -Sin. . 6

. -

2X(A4x3EaP + A3));..

entier(V);

a

' I

1
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I.

TA f

They are not the same. The flow chart box that's needed is

,J ROUND (TRUNK(I/K))1
r.

But since the TRUNK fUnCtion is an integer rdunding function,

TRUNK(I/J)kvilibe an integer. 'Therefore thle ROUNIi function, also an

integei:rounding function, will have,no further effect."

"The flog chart box

ROUND(mum /,1)/y sktakiunic(I/3)

* J

'Jr '

.would be a correct dfiswer.

6. Theyare not the same. The flow chart that's needed Is
gp-

. ----eJ J ROUND(I/K)I--b-

Writing Complete AIGOL'Pro4rams

s book makesno..attempt to teach everythiN about ALGOL. parti-

cular, o mention is made in the student's book of block structure,, The

omission should, cause nb difficulty. Students are hAyer, instructed to group

all declarationa,together at the beginning of a program. Later when this book

has Been mastered, the block structure of ALGOL can be pursued.further.

4 Some ALGOL compilers require more declarative information than the

ALGOL AO requires. For exaMple, one ALGOL compiler (Burroughs agoL),

requires that all statement labels be-declared. For the program iff figure

A2-10, where-the first ttateM4t'in the "body " is

a declaration like

ApAIN4*. read (PRICE);

LABEL- AGAIN;

would be needed it the "head" of the program. .

You should for this reason get the help of a local expert who is familiar

with the detailed requirements of,the particular ALGOL gompiler you will be.

using for your laboratory work. Such a person can save you much time in
r.

getting started.' You might get him (or her) to take the program in Figure A2-10

and run through all phases of testing with you starting with the key punching

and continuing through the satisfactory execution of the program.

4,00,0 -
4114.
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Answers to Exercises A2-7

1. begin real T,Z; .

START:read (T);

- Z := 2.5 + Ti

Write (Z);

go to START;

end

,2. begin integer n; i, j,

START:read (n, i, j);

2 := n.X (i,- 1) + j;

write (X);

go to START;

end

3, begin real A, B, C, D, X, Z;

"m. HERE :read (A, B, C, D, X);

Z := ((A X'X + B) x X + C) X X +

( write (Z);

go to HERE;/

end

bdgin real m, n, Q;

1, STAARTtread (m, n);

,Q := sqrt((m - 4.5) X n);

write (Q);

,go to STAART;

end

5t begin real A,Y,X;

begine:read (A, Y);

X := 2/(Y +1rY);

*rite (X);

go to begine;

end

20
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TA2-7

6. begin real r, x, PHI, rsq, AREA;

ioi:read (r, s, PHI);

rsq. :=.r x r;

AREA := 3.14159/2 XrElq"

-(s x sqrt(isq - s) X PHI);

write (AREA);

go to iei;

.end "

7. NUM20 := entie/(PRICE/20.0).;

8.

ti

ALGOL program

begin comment the carnival wheel problem;

integer s, m, k, p;

START:read (s, m);

k = m + s -((m + s).1-4) x 4;

p :- 20 X k - 30;

write (p );

go to S

end

1

16- 2 1 1"

'44
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Chapter TA3

BRANCHING AND SUBSCRIPTED VARIABLES.

Introduction.

When the'ituaent has mastered the flow chart text for Chapter 3 and this

companiOn ALGO , he is fully equipped to solve go utational problems of

esseritily any mplexity. All the basic programming tools are at hisPdisr

posal... alai of the material in subsequent chapters Tali; in the category of

important refinements; shorthand techniques, example applications and special 1,!,

tiS concepts. That is why it is very tempting, upon completion of this chapter,

' to tarry. and solve a large number of problems. We avoid this temptation as

much aspovible because theirefinements to be introduced in each succeeding
-.

i r ,

chkivter make the sOlution of problems increasingly easy and idteresting. We',
1

..

Apose the student to relatively feW applications here.- Exercises involving

algorithis emphasize analysis, mainlY,,rather than synthesis.. The shift to

-synthesis is-a gradual process which is accelerated in Chapter N.

The two fundaMental i eas of Chapter 3, namely branching and sUbsidipted

variables, are mirrored rat er"easily in the Chapter A:3 requiring relatively

few oewtideaS.,,
I I '

Indeed, if we were to limit the form of the ALGOL if td simply

4 if relational expressiod then gotos, BOX X

,
.

,,( else go to BOX y;'.
IS

there wodld be no new idea at -all.

.ems

The only new idea associated with subscripted variables in ALGOL is that

the-programmer has the responsibility and must declare how m4ch memory space

is to,beoallocated for .each'vector or array that is employed in an ALGOL

program. This is done with the array declaration in which'one gives the

range of each tubscript of each vector or array variable.
)

4

17
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Outline of Chapter A3

A3-1 The Conditional if statement is introduced. Examples and exercises

are,given to show the relationship between flow chart and ALGOL. For

example,

if A> B then fa to BOX5 eise.12 to BOX3;

is explained as the'equival# of

0

4:.

r

1

4

The form of the expression between the words if and then is not
. -

'elaborated except to tell the student that, like the simple condition

box Of the flow chart language, it consists of an arithmetic expression,

followed 'by.ane of the six relational symbols (operators),

< < » ,
folloived by another arithmetio,expression.04

Several variations in the overall fori of the statement are then

introduced which make coding, i.e., transliterating from flow chart(to

_ALGOL, more convenient.
L.

e basicfOrms are summarized be ow:

then any simple or compound statement;

,
. ,

1. if reicationif expression

2. if ational expression the any simple or compound statement

, else any statement;

.le_
A generalizgElon is made which permits the nesting of one conditional

entirely within another. Graded sets of exercises -are given to permit the . )

stuliknt topin a gradual app reciationof these various if forms. The

'variations 6 merely
4

nvenience. Only the basic forms are really essential.
, .

e other toiSic brought up in this section is the use of literals (items
.

in quotation Marks) as output list elements - -to corwaapandto the same usage

_

°

in the flow chart. This,

18
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',write ("A = ", A); corresponds to

A3-2 Since th flow chart text covers the subject of auxiliary variables

,inla Way hat transfers to ALGOL in a straightforward fashion, this

seC4ion pnsists only of an example plus some exercises.

4

.

A3-3 T transTiteration of compound condition-boxes from flowchartsfto

A i OL conditional -statements 'is explained anti illustrated. The, elseV
if stagement is used to advantage for multi-way branching': "

Mir

A

TA3

form of the

nr example

w114.ch then allows usefof the form;

ti

jf relational expression then go to li(& else if relational expression

then 4 to BOXi else, if relational expression

etc.,

or specifically, -Vit

. .

<

. 1 .

if X < 5 then go to BOX15 else' if X < 8 then go to BOX177

else 52 to BOX18;

19
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0

I
. j

; ``) o

A314 No new material included here in paralleling the flow chart text
,

. as all the'ideas carry over to ALGOL in one-to-one fashion. (.Precedence

level of relational operators with respect to those for. the arithmetic

operators.)

A3-5 The ALGOL form for singly-subscripted variables is introduced. Array,

declarations tnd their relation to storage allocation are discussed.

/Finally, a crude array input-Output technique is illustrAed (to be

supplanted by a slightly more elegant technique in Chapter 4).

g'
1 -elt

. .
A3-6 EVelfrything said about singly-subscripted variables in A3-5 is repeated

. .

- for'doubly-subscripted variables. Input-Output of entire arrays is, left
.,

until Chapter 4 where with the ube of iteration statements it is made -

I.
' easy to achieve. - . ' .

.
, .

The student is asked to work, numerous exercises througboutthe .

, -chapter whic nvolves construction of ALGOL larograms from corresponding

flow chartyvpresented as examples or developed as.exercises in the flow

chart text:

f

Anegers to Exercisdb.A3 -I Set A

-1.- 'Invalid: Can'tDave two relational symbols as Shown.

2. Invalid. if mast be underlined.

3. O.K.

4. Invalid. Can't have semicolon before then.
,

5. Invalil..,can't have two relational symbols as shown.

Comment: In the more complete ALGOL language, not described here to the

-student, logical operators like and not and or are permitted so it would

be possible, say, in 1 to write

if A < B and B < C then

which is a valid if clause having more than one relational symbol. '

1 Relational symbols can be thought of.as operators and are explained in

this sense in Section 3-4.

. 20



6. if w > 0 then y := Z X;

"7% j < 0 then T : 3,x T;

'8.- if K - 4 = 0 theri' read(Z);

9.. if x >9.7 then write(Y,T);

10.

° 2.

Answers to ExerciseA3-1 Set B

1. if I = J then begin F := G + H;

end;

P :f sqrt(Tt 3);

2. if A + B > C tHen begin Z +,X;

T :=3 x T;

end; 6

3.1: if

tlibt

I = J then go to box2;

4. if I = J then go to box2;

/

a

21
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5.-

7

6.

Answers. to Exerci4s-A3-1 Set C

1. if K = 0 then write ("case 1') els'e write ("case 2");

BOX30.

2. if -K = 0 then begin T := 1;

. .

:write (S);'

end

else begin T := 2;

write (SS);
-

end;

BOX30:

3. S < T then := F 1

else write (Q);

BOX30:

r.'
if S then. ,S := S + 1

else begin K := + 1;

N := N + 1;

S := 0;

'1
1

BOX30':

end;

5. if C ,+ D T. then gold .BOX30

else begin F := 10 X T +5;

G := G - 5;
0

go BOX49;

end;

BOX3d:
22 ,

I/
1/4'
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Comment; Some students may think of negating the condiltional of Problem 5

and interchanging the "T" and

_in an alternate solution:

"Fnt
labels on t 'he exits. This results

if, C = T then begin F := 10 x T + 5;

G := G- 5;

go to BOX40;

BOX30:

end;

Further discussion of thii
A
idea has been deferred until later in the book.

.

6. if A < B then begin T := A;

A := B;.

B := T;

go to BOX40;

- end;

BOX30:

7. if F + G > H theri begin S := S + 1;

T := T + 1;

:= S x T;

end

else begin P := P + 1;

Q := Q + 1;

R :7 P/@;

end;
A

BOX30!

4

Semicolon before elsg-muS\be removed.

r
0

9. Has missing then, or else else has been used when then -was intaded.

A correct version might lob

if COUNT < 160 Alen go to BOX11-0;

10. COUNT + 1,Nis not a relational expression.

rr.
11. No matchilig end for-the begin.

e

V

1

'328
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Answers to Exercises A3-1 Set D

1. write ( "the impossible" );

2.. write ..,("Art)", A) ;

3. write ("Aba-e, A,"013BMcf, 4 "pacioo",
.

Commftnt on space symbol "D " .

Prot now on we 41.11 omit the space symbol, Cr. The exact space count is not
c , .

usually of importance to us-here.

Answers to Exercises A3-1 Set E

.1. begin real b, c, d, x;

read (b, c, d, x);

sS write (I)," c, d, x);

if - b > c then write (d) else write (x);

end

2. begin real b, c, d, t,.x;

read (b, c, d, x);

write (b, c,.d, x);

end

1.

if d < c then t := c X b +A X x

else' t :=0. c;
write (t);

3. (, .
a) begin real b,, c, a, x, t, u, w, y;

end-

read (b, c, d, x);
-write (1), c, d, x);

t tr + a;
u:=bXcXd;
if t t 2 -1= o7147'Nku

then begin w := t + u; write (w); end

else begin

1

w := u 2.; y := t t 8; write (14.,y);' end;

Is*

.24
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(b) tie in real b, c, d, x, w, y;

read (b, C, d, x);

write (b, c, di x);

if (b + c)f2 +xf2 >bXcXd. -

then beginw:=b+c+bXc-x d; Itrite (u); ,end

efse begin w := b f'2 X,c t 2 X df 2;

y (b + c)f 8;

write (w, §); end;

end

4. begin integer j, m, n, sum;

BOX1! read (j, m, n);

if ,m > n then sum := j + m

end

begin

else sum := j + n;

_write (j, m, n, sum);

go to BOX1;

real b, c, x;

BOX1: read (b,c);

write (b,c);

if b = 0

then go to BOX4

else begin A := -c/b;

writeii"The root of bx + c = 0 le, x);

go to BOX1; end;

BOX4: if. c = 0

then write ("Every real number satisfies bx + c = 0.")

else write ("bx + c = 0- has no root.");

go to BOX1;

A simpler appeari,ng program can be, written if we

' the label BOX4:'

. 25 '0

nest the if's and avoid
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v.

begin

'end

real b,, c, x;
BOX1: ,.read,(b, c);

Yf

write (b, c);

,b.= 0

then begin if c ='0 then.----7 . -

write ("Every real number satisfies bx 4+ C
o

else write ("Ix + A = 0 has no root "); end

V. YY

telse begin x := -c/b;

write ( The ,root of bx-+ c 0 fall; x);

end;

go to B9X1;

--..Answers to Exercises A3-1 Set ,F

1. begin real SUMALL, T;

integer COUNT;

COUNT : = 1;

SUMALL : -= O;

BOX2 read (T);

SUMALL : = SUMALL + T;

COUNT : = COUNT + 1;

end

if COUNT >100

then write .`("SUMALL = ", SUMALL)

,elsd go to BOX2;

75. $ 2. begin real SUMCUB,

integer COUNT;

SUM=
COUNT := 1;

BOX2: read (T);'

SUMCUB SUMCUB ± T 3;

COUNT. := COUNT + 1;

if COUNT > 100

° then write iisuy6tB3 = j ,SUMCUB

o

else 4go to j30X2; 4

26
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) 1.

3. begin

end

BOX2:

fr

real SUMNEG, T;

integer COUNT;

SUMNEG :=.0;

COUNT := 1;

read (T);

if T < 0 then SUMNEG:= SUMNEG + T;

COUNT := COUNT + 1;.-

if :WONT > 100

- t n write ("SUMNEG = ", SUMNEG)

else go to BOX2;

S.
4. begin reAl SUMALL, SUMCUB, SUMNEG,T;'

integer COUNT;

SUMALL := 0;

SUMCUB 0;

SUMNEG := 0;

COUNT := 1;

BOX2: reado(T);

SUMALL := SUMALL + T;

SUMCUB := SUMCUB + T13;

T < 0 then SUMNEG := SUMNEG + T;

COUNT := COUNT + 1;

if COUNT > 100

end

5. begin

end

-then write ("SWAM, = ", SUMALL, "SUMCUB

"SUMNEG = ", SUNNEGI'

else go to BOX2;

real CUMSUM,

. integer COUNT;

CUMSUM := 0;,

COUNT := 1;
. .

BOX2' read (T);

'CUMSUM := CUNSUy + T;

write ("CUMULATIVE SUM = ", CUMSUM);

COUNT := copNT + 1;

if COUNT > 100 then DUMMY:

else go to BOX2;

{1.

'

32
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TA3' , ---;7,T7_77,,1=7
.

, __ ..... ........,_,.. .... -0. ,,,
.

Comment: The statemehtilabeleds7empy. is a "dummy" statement in
1 _. ,....c..-

-tv.,MI '
.

the sense that it accomplishes nothing. When COUNT > 100 is true, the

dummy stateterrt is''execaand control reaches the end of the program.
) -,----4,------

,
.

____.-- --,ee ..........,........,........seen,.. '
.

In ALGOL a statement may be representediourely by its LABEL.

To avoid the use OfthiS'duiiiilY until the student is introduced to. .. _

it later, we may, replace the if statement with this, alternative:

if COUNT < 100 then go to BOX2;_ _
--s-

6. begin comment Badminton-or Volleyball;

real T;

integer I, State, ScA,ScB;

I := 0;

state := 0;

ScA := 0;

ScB := 0;

BOX2: if I / 100 then

begin i'ead (T);
0

if .2,> a then
-

begin if State-= 0 then

--ScA := ScA + 1 else State := 0;
, - eeeeebayaroae,--1010" t 0

end

else if State = 0 =then

State := 1 else SQB := Sc

I := I + 1;

go to BOX2;

send
N

else if ScA = ScB then write ("TIE GAME", ScA, "ALL")

else if ScA > SeB then

write ("PLAYER A WINS", ScA, "TO", ScB)

else write ("PLAYER B WINS ",'ScB, "TO",,ScA);

end r

28,33 1 e
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Anstier6 to' EXetcises A3-2 Set.A

1. begin comment Fibonacci sequence to produce Random Numbers;

integer LTERM, NLT, I, COPY; .

TA3 .

-LTERM := 1;

MT := 0;
A.,

,

Iii='1;
\

...

,,,BOX2: ix. 1 < 117 then

4legin BOX3: COPY := LTERM;
1.,,.

LTERM := LTERM+NLT-1000Xentier((LTERM+NLT)/1000);
f

NLT := COPY;

I := I + 1; _

end

2. begin

BOX3:

end

if I < 17 then go to BOX3

else begin Wite(I, LTERM);
N

go to BOX2;

end;

end

HALT:

comment the TWOSUM problem;

integer I;

real TNEW, TOLD, TWOSUM;

read (TOLD);

I := 2;

read (TNEW)

UVOSUM :='TNEW + TOLD;

1;7'14 ( "TWOSUM =", TWOSUM);

TO TNEW;
)

I := I + 1;

if I < 100 then go to BOX3;



I

TA3

3. be-gin'

t

end

Ir. begin

r

comment t;>altsum problem;

integer I;

real TOLDER, TOLD, TNEW, ALTSUM;

read (TOLDER);

(TOLD);

I 4= 3;

BOX4: read (TNEW);

ALTSUM := TOLDER + MEW;

write ("ALTSUM =", ALTSUM);

TOLDER := TAD;

TOLD := TNEW;

I := I + 1;

if I < 100, go to BOA.;
1,4

comment moving average;

real TOLDER, TOLD, TNEW, AVERAGE;

integer I, k;

read (k)}

read (TOLDER);

read (TOLD);

I := 3;
tr'Atlt,;.

v

) '

4.* 7

9g5; read (TiEW)j7,

if I 4>qt then

begin if TNEW < TOLD then

begin AVERAGE := (TOLD + TOLDER)/2r

go to BOX11;

end

else AVERAGE := (TOLDER +.TOLD + TNEW)/5;

BOX11: write tAVERgPE);
sr

fj

'end

if I > 100 then go to HALT;

TOLDER := TOLD;

TOLD := TNEW;

I, := I + 1;

go--to BOX5;

HALT:

?

If
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5. begin comment.tilihregions table;

integer N, A, B, C, SUMA, SUMB;_
.

("N", "A",ZB"
.

Y C");

:= 01'

.A := 1;

SUMA := 1;

B := 1;:

SUMB := 1;

C:= 1; .

'BOX3: write (N, A, B, C);

if N <,15 then 40'

begin C := SUMB + 11

B := SUMA + 1;

A := A + 1;

N := N+ 1;

SUMB := SUMB + B;

.

,

7

'I

SUMA := SUMA + A;

go to BOX3;

end;

3136.
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An'swer to Exercise 3-2 Set B

begin comment leak common multiple of 2 non-negative integers;

integer C, D, A, B, r;

read (p, D);.
cl

A := c;

B := D;

if A <B
,

then begin

BOX5: if A =

p

,thengo to BO W7

else begin r := B - entier(B/A) x A;

BOX11: B :4"A;

:= r;

end

end;

else begip r :=13;

go,to BOX11

end;

o4 BOX5;

BOX7: if )1. = p then x := 0 'else x i= C X D/B;

" write (C, D, X);

Anwerg to Exercises A3-2 Sit C

1. begin real xl, yl, x2, y2, ,length;
. .

BOX1: read (xl, yl, x2, y2);
..- , .

-,write (xl, yl, x2, y2);

* ,

length := sqrt ((x2-xl)f 2 + (y2-yl)f 2);

write ("The length of PQ' is", length);

'? P go to BOX1; .

end

,

32. $ 7
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2. begin real xl, yl, x2, y2, s;

BOX1: read (xl, yl, x2, y2);

write (xl, yl, x2, y2);,

af x2 = xl then.-414Ste ( "PQ isparallel to the y-axis")

else begin s := (y2 - yl)/(M2 - xl);

write ("The 'slope of is", s); end;

go to BOX1;

.

begin

end

V

real xl, 'yl, x2, y2, s, deli, dely;

read (xl, yl, x2, y2);

write (xl, yl, x2, y2);

BOXl: read (deli);

write (deli);

if ,x2 = xl,

then begin-if deli = 0 then-

write ("Any real number will do.")

else write ("No such value exists.");

else begin s := (y2 - yi)/(x2 - xi);

dely := s x deli;

write ("dely =" dely); end;

go to BOX1;

4, begin real 1, yl, x2, y2, delj', de$x, s;

BOX1: reaa 1 yl, x2, y2);

write (xl, yl, x2, y2);
rxuAl,

read (dely);

write (dely);

if yl = y2

then begin if dely = 0

then wr: e, ( "Any real number will do.")

else write' ("No such value e sts."); end

else begin if xl = x2

then deli- : = 0

else begin s := (y2- yl) /(x2 -xl);

deli := dely/s; end;'

write ("delx =", deli); ends

go to B0X1;

end

end

38 8
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5, begin

end

6. begin

/". '

end

real' xl, yl, x2, y2, s, x, y;

BOX1: read ,(xI, yl, x2, y2);

write _(xl', yl, x2, y2);

read (x);'

write U);

if X2.
A

' then begin if x = xl

then write ("Any real number will do.")

else write ("No 1.ich value exists."); end

elie begin s := (y2-y1)/(x2-x1);

y, := yl + s x/(x-x1);

write ("y = ", 57);, end;

go to BOX1; 1,

real x1,571, x2, y2, x, y, A;,

BOX1: read (xl, yl, x2, y2);

write-(xl, yl, x2, y2))

read y); .

write (y);

.4 'if yl ='y2

CP then 'begin if y = yl

then write ("Any real number,will ao.")

else write ("Nossuch value exists."); end_

'else begin if xl,= oc2

then x := xl

else begin s':=1y2-y1)/(x2-x1);

x := xl + (y-y1)/s; end;

write ("x = ", x); end;

go to BOX1;

1/9 -,.
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7. begin real xl; yl, *2, y2, xint, yint, s;

BOX1: read (xl, yl,'x2, y2);

write (xl, yl, x27 y2);

if xl = x2 '

44 then begin write ("x-intercept xl);: 43

write ("Pa does not intlrsect y-axis.");end
-,

7.7

'F3

end

begin

end'

else begin if yl = y2

then begin' write ("PQ does nod intersect x-axis.");
-

write ( "y-intercept is", yl); end

else begin s:= (y2-y1)/(x2-x1);

xint := xl - yl/s;

yint :=,-s x xint

4 write ( "x- intercept xint);

wfite ("y-interCepZ is", yint); end;
I

end;

TA3

go to BOX1;

real xl, yl, x2; y2, s, xint, yint;

BOX1: relad'(x2, yl, x2, y2);

write (xl; yl, x, y2);

if xl = x2

A

then begin xint : = xl;

go to BOX 6 end

else begin s := (y2- yl) /(x2 -xl);

xint - yl/s;

yint := -x 'x xint

BOX6: if yl X,y2 < 0

then write ("x-intercept is", xint)
414else write ("PQ does not in* t the x-axis");

if x2 x x2 < 0

then write ("y-intertept_is",

114 else

write ("PQ does not intersect the_y-axis");

4 end;
_

go to BOX1;

35 4 0
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'Answers to Exercises A3-3 Set A

r

a

0

. Illegal. SeCond if should be part of acompound statement like

begin if C < D

4. Legal.

36 41

4

7



I

...

,

o

6. Legal.

.
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A p

10. Illegal. Need begin and end around the three assignment statements

or else we should eliminatellse go to BOX5d

11. Legal.'

Answers to Exercises 0-3 Set B

1. Following the.flow chart

(a) if 2 < x then begin

if x.< then go to BOX20

4 else goo BOX30; end

else go to BOX30;

111

(b) By changing the sense if the tests we have a somewhat simpler answer:

if x < 2 then go to BOX30;

if x > 7 then go to BOX30

else gO'tO BC20; 4..,...

ro

2. if .7 < Q then go,-to BOX20

else if 7 < R then go to BOX20

else if 7 < S then go to,BOX20

else go to BOX30;-

38 43
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(a) if /.7 < x then 20 e5 BOX2

else go to BOX30;T- --
BOX2: if x < 8.4 then go to BOX3

else go to 4=30;

BOX3: if -3.9 < y then go to BOX4

.else go to BOX30;

BOX4: if y < 5,4 then Bo to BOX26

else go to BOX30;

6,(b) By changing the sense of the tests we havp a somewhat simpler form.

4. (a)

4

(b)

if 1.7. > x then go to BOX30

then go to BOX30

then go to BOX30

then ga'to BOX30

else if x > 8.4

else if -3.9-> y

else if y >5.4

else go to BOX20;

if xl > 0 then go to BOX2

else BO to BOX30;

BOX2: if .5 x xl < yl then go to BOX3

else go to BOX30;

BOX3: 'if yl < 2 x xl then 52 to BOX20

else go to BOX30;

if xl < 0 then go to BOX5

'else gb to BOX30;

BOX5 if 2 x:xl < yl 'then fp2 to B0X6

else Bo to BOX30;

BOX6: if yl <
/

.5 X xl then go to BOX20'

, else go to BOX30;
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(c) if xi-= 0 then go to B0X30

else if xl < 0 then 'go to B0X5

else begin

If .5 x xl < yl then go to BOX3

else go to B0X30;

BOX3: if yl"< 2 X xl then go to BOX20

else go to B0X30; end;

B0X5: if 2 x xl < yl then go to BOX6

else go to BOX30;

BOX6: if yl < .5 x xl then go to, BOX20 ,

t44 # else go to BOX30;

4

Note that the above answer Scan be shortened by reversing th sense

of the tests.

5. (a} if xl > 0 then go to BOX2

else go to BOX30;

B0X2:, if yl > 0 then gb to BOX3

else go to BOX30;

BOX3: if yl < -2/3 x xl + 2 then go to BOX20

else. go to BOX30;

cb) an alternative solution:

if x <0 then fio to B0X30;

if yl < 0 then go -4a B0X30;

if yl < -2/3 x xl + 2 then goto B0X20

else go to B0X30;

By reversing the sense of the,tests,

if .k1 < 0 thengo to BOX30;

if.'" .5 x (3.14159 - xl) > yl therigo to BOX30;

if yl >Sin(xl) then go to 0X30 f

' else go to BOX20;

7. if ya > 0 then

begin if yl 2 -4 x xl + 16 then

begin if yl 2 4 x 'xl-12. then

go to BOX20;

' end;

end

else go to BOX30;-

. e

'k4
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Answers, to Exercises A3-3 Set C

ftThe ALGOL statements are usually easier to write from the form which is

a series Of F condition boxes...

1.

2.

if C > D then go to BOX'S else if E = G then go to BOX4

else go to BOX3;1 5

I
if x > y then go to BOX5 else if Ate= G then go to BOX5

else if C > 5 ,then go to BOX5, else go to B0X4;

46,
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3.

if A.< 5 then go to BOX5 el'se if B / 6 then go le BOX,

_else if -P > Q then go to BOX5 else go to BOX4;

Commear: In answering' Exercises 4 and 5 draw a flow chart corresponding to the

given ALOE statement. Then, if warranted, reverse the sense of one or

more of the tests to make it easier to use the else if form.

4.

form (a) form (b)

. Reverse sense of tests

Following form (b) we have:

if P > Q, then go to BOX10 else if Q < R then go to BOX8__-- ....

else go to-BOX7;



5.

TA3

form ,(a)

Following form (b) we have:

if P Q then go to BOX10 else if

form (b)

R then go to BOKLO

" else if R = S then to BO5C8 else goo to BOX7;

(Next statement is assumed to be labeled B0X10.)

Comment: In answering Exercises 6 and 7 of this set the process can be

analogous to that used in answering.Exercises 4 and 5. However, an

alternatiye coding is even 'simple' and does not require re-flow charting

a

ggs shown beloW. °
I

6

form (a) form (b)

Following folim(b) we have;
° .

if A7= B then begin if C / D then-go to BOX7

else go to BOX6; end

4,.. else go -Vb BOX6;

Alternatively, following fol7m(a), we have in two Separate statements:

if A / B then Alto BOX6;

if C = D then go to BOX6 .else go:to BOX7;

°

13
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" . r

7.

8.

t
9.

4.

if A >.B then g2 to BOX6;

if B > C then go to BOX6 else go to BOX?;

10: if z < 5 -then go to BOX2 1seifY f i<1O

'then go to ROX3 else goJto 430X4;

1 1

4
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Answers to Exercises A3-3', "Sex.'%,

1. begin real --21;;y1;
,

BOX1: read (Xl, yl);,
A

5° write (xl, yI);

if xl = 0 then

#4.

"41

'OA

2. begin,

begin if yl =

then write ("P is the origin.") p- ft

else write ("10 'lies on the y- axis "); 4nd

else if xl < 0 then

begin if. yl = 0 then.go*to B0X6

else if yl < 0 then write ("A

else write .("2"); end

else

begin if yl = 0

then BOX6 write ("P lies on the x....axis")

else if yl < 0

then write ("4")

else write ( "1"); end;

go to BOX1;

integer' S, m, p, k;

BOX1: read (S, m);

1. .
:= m + S - entjer((m + 5)/4) x 4;

if k = 0 then. p 1= -20

,else if k = 1 then p

else if k = 2 then p.:= 0

else ,p := 50.c

write (i);'

go to BOX1;

end

Answers to Exercises A3=510K et A .

x[5)

2. ZEN)

3. CHARLI)

4. 1(i,4- 2)
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Answers to Exercises A3-5 Set B

2.

V 7 ?

real 'arilv A[1:50];.

'integer i;

i := 1;

BOXA,: read (A[i]);

i := +,.1;

-if isi < k then go to BOXA;

Note k is a,constant not a variable for the purpose of this problem

becaueeit is given a value before we start., Therefore k is not

.included in the-integer declaration list. 4

real array B[1:125];'

integei' j;

1100: read (B[j]);.

= j +.2;

if j < n then go.to BOXB;

real array A[1:50), B[1:50);

integer i;

i := 10;

BOXA: read (All));

i := i + 1;

if i < n then go to BOXA;

i :=.10;

BOXB: reie(B[i]);

:= + 2;

if ii. ,< n ;then, 0 to BOB;

46 51
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Answers to Exercises A3-5 it C

1. begin. ,comment carnival wheel with subscripts;

Integer array P[1:)).;

.intereger q, m4 k; 2.

0X1: read (s, m);

+ s - entier((m + s)/4) x

write (p(k + 1) );

end

2. begin

end

comment Figure 3-25;

integer i, any, k;

real array 1:(1:100);

realfc;

I := 1;

any.:= 0;

read (c);

k := 1;

AGAIN: read (b(k));

k := k + 1;
f

if k < 100 then go. to AGAIN;
\,f,

BOX4f if b[i] 5 c

%then begin any := 1'; write (i, b(t)); eild;

i i + 1;

if i < 100 then go to//AOX4;

if any = 0 then write ("NONE");

-4. s.
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Answer to Exercise A3-5 Set C

3. begin comment finding the actual degree of a polynomial;

integer n, i;.

real array A(0:50];

BoXl: read (n);

i := 0;

BOX2: read (A(0);

i j= i + 1;

if i < n then go to'BOX2;

if A[n] = 0

then begin n := n - 1;

if ri > 0 then go to BOX3

else begin write (n);

go to FIN;

end;

It

/

end

BOX3:
k

BOX6:

O

end

else begin write (n);

:= 0;

write (A(i]);

4 i := i + 1;
,

if i < n then go to BOX6;

, end;

FIN', go to BOX1;

45 3
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Answer tO4Exercise A3-5 Set D

begin

end

comment orchestraville;

real. array A[1:125];

go integer n,

real meed;

BOX1: read (n);

k 1; .-

BOX2: read A [k);

k := k + 1;

k, copy, mid, mad;

-/

if k < n then go to BOX2;-
BOX3: k := 1;

' BOX4: if Mk] > A[k +

then begin copy := Aik);

Aik3 :T4A[k + 1);

A[k + 1] := copy;
o to BOX3;

4,

end;

.k= k + 1;

if k < n then go to Box4;

mid := entier(n/2);

if mid x 2 =-n then mad mid + 1

else mad := mid;

meed :2T-- .5 x (A [mid) + A [ mad] );

write ("MEDIAN AGE IS", meed, "Y9UNGEST

"OLDEST IS", Ain));

'go to BOX1; 4

49 54
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Answers2to Exercises A3-6
,-

1. real.array 1:27];

real' COLSUM;
s.

integer I, K;

COLSUM := 0;

I := \:0'
BOX3: if I = 12 then' go to BOX5;

COLSUM := COLSUM + .13( I, K];

i BOX5: if I < 22 then go to BOX6

a

't

A
else write COLSUM;

go to B'OX8;

BOX6': I := I + 1;
go to BOX3;-.

. 2: city' P[1:22, 1:27] ;

inte r J,

J 1;

BOX2: := 1)(1,,.1 + P[M,J];

if J < 27 then begin7-8
J := J + 1;

go to B0X2;,end;

3. real array. 1:11:22, 1:27];

integer L, J, M;

J 1

if J = K thdn to _

P[L,J] := PIL,J1 + 2 x P[M,3];

BOX4: J < 27 then begin

I

J := J+1; .

. , 52. to B0k2;, end;

r

°
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real array P[1:22,1:27);
integer I, J, L, 14;

real COPY;

:= 1;

BOX2: COPY .:= F[L.,"j);

P[L,J] := P[M,*7];

P[M,J) := COPY;

if J < 27 then

begin J := J + 1;

g to BOX2;

end;

real array P11:22, 1:27);
integer J;

real MAX; ,-

J := 1;

MAX := 0;

BOX3: if abs(P[L,J)) > abs(MAX) then MAX : = P[L,J];

if J< 27 then begin J :=

fio to BOX3;

0

J := 1;

BOX8: P[L,J) := P[L,J)/MAX;

end;

6.

if J < 27 then begin J := J + 1;

*' *to BOX8;

7

end;

WNW
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Summary of Chapter A4
016

The main sections of this chapter are:

Chapter, TA4

LOOPING

The "for clause and the "for statement"

A4-2 Illustrative examples

Table-look-up

A4-4 Nested loops

Thiakch6ter follows closely Chapter 4 of the flow chart text.

A4-1 The "for clause",
3.

0.

ta.

/ The "for clause" in ALGOL is introduce4ancl shown to be -the equivalent of

the iteration bOX and the for stetement equivalent to the whole loop, that is,4
gpvernid_by the iteration bcbc. and inclUding the iteratieln-boX. The portion of
the for dtatement'which follows the for clause is shown to be any ALGOL state-
ment that the stu dent has already learned about thus far, ite., assignment,

input, output, or if statement. MoKeover, it may also be a compound statement.
The latter possibility makes it possible for, any, 16op,which begins with are

iteration, box, to be'described with a. single for statement.....
,../N In the exercises tq this section the stizdent is shown how to use a for
statement to code the input or output Of Ii4ttors, where the flow chart'

notation is something

...,

IP = 1(1)4)

A4-2 Illustrative Ebeemples

The example the iteratliki box used for simple loops in',"SeCtion.4-2

are mirrored 'in this section using for statements,

O .53 57.
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A4-3 Table-look-u.

The main purpose of this sectionl.s to provide the student additional

,opportunity to see llow complicated algo;ithms, which involve loops and

iteration boxes, are converted pr "transliterated" from flow chart to ALGOL.

A14-4 Nested loops,

Details of nesting for statements are deScribed to mirror the nesting

of iteration loops in the flow charts. We show the student how the statement

that follows the for clause can be another'for statement or,contain one (if

it is a-compound).

. .

We also show the student how to express the input or output of an entire

matrix by' nested for statements (Figure-A4-,11)

Additional coding practice is gained in the exercises which call for
. ...A -r

translation of flow charts.t6 ALGOL. ,t -...
'

..

..

t

t.

o

O
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Answers to Exercises A4-1

1. begin integer N, I, ID;

real A, B, C, D;.

BOXO: read(N);

for I := 1 step 1 until N do.

begin. read (ID, A, B, C);

D sqrt(At2 + Bt2 + 02); .

end

write (ID, A, B, C, D); eni;
.

write ("EVIDOPOTABLE");

go to,BOXOf

2. begin integer LT r , NLT,.COPY, I, S;

LTERM := 2

NL3/f= 1;

end

S := 1;

for I := 1 step 1 until 60 do

begi

ite (I, WEIN, S); -

i= S+ NLT;

' COPY := LTERM;

LTERM := LTERM + NIT;

NLT COPS';

'end;

. begin integer array ,P(1:4};

integer N, SUM, L, s; m, k;

for I := 1 step 1 until 4 do read
4.

end

read (N);

(P(i)

SUM := 0;

for L := 1 step 1 until N do

begin

read (s, m);

k := m + s - entier((m+s)/4)X4;'

SUM := SUM + P(k + 1);

end; .

4

TA4

write ("after", N, "spins, your net winnings are'!, SUM, . "points ");.

55
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4. begin integer i,

real PAYROLL, WAGES;

real array T[.1:100), R[1:100];

read (N);

PAYROLL := 0;

for i := 1 step luntil N do read (T[i]);

for i := l`ttep 1 until N doreado(R[i])1

for i := 1 step 1 until N do

begin WAGES 1= R[i] X T[i];

PAYROLL := PAYROLL WAGES;

write (i, WAGES);

end;

write(PAYROLT);

end

e$

14 ,1

0

tii
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Answers to Exercise A4-2 Set A

'1. The first statementshould read

MAX := abs(A[1L);

The for clause is improperly, written. It should read

for J := 2 step 1 until N do

Otherwise, O.K.

2. There are two errors:
....

The first statement lacks a semicolon..

The if statement has a semicolon before then--it must be removedt'

The presence of this unwanted semicolon makes an ill-formed

it statement_!

3, There are two errors:
-

The for-clause has an unwanted semicolon after do.

There are two statements` which should be repedted under control of

the counter k.. We need to make a compound statement:

begin FACT := K X FACT;

end

There is one error:

write "(K, FACT);

The write atement must be "stuffed" inside the compound, i.e.,

ahead of the last end

The first two-statements are written as a compound statement,- While--
44-4P1

this is quite unnecessary, it is,nbt illegal and cannot be-cpn-

sidered an error as it does not chdhge thtsensa,of this code.'

Answers to Exercises A4-2 Set B

1, for I := 1 step 1 until N do

begin COPY401W[ I];

P[I] := Q[I];

Q(Il := COPY;

end;

57
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for I := 2 step 2 until N d6

begin COPY tt- P[I];

111] = Q[I];

Q[I] := COPY;

end;

3 for I := 5 step 3 until N do

begin COPY := P[I];, '

P[I] = Q[I);

Q[I] := COPY:.

end;

4. ND2 := N/2;

for I : = 1 step 1 until NO2 do

Q[I] = VI];

alternativ'ely,

for I := 1 step l'until entier(N/2) do

Q[I] := P[I];

NO2 := N/2 ;

ftr I := 1 step 1 until NO2 do

Q[ I ] r=v P[NO2 -+. I);

alternatively,

for I := 1, step. until N/2 ao

Q[I] P[N/2+ IL;
7-

NO2B = entier (N/2);

if NO2B = i\t/2' then K = NO2B

else Key= NO2B + 1;

for I := 1 step 1 until NO2B do

Q[I] P[K +.1];
.

7 for I :=211 step =11.until N - K + 1 do

P[1 + 2] = P[I];

, /
-8(a). SUMCUB := 0;

fox I := 1 step1 1intil 100 do
-400;

SUMCUB := SUMCUB + P[I] 13;

58 2
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8(t): SUMNEG := 0;

for I : =,1 step 1 until 100 do

if P[I) < 0 then SUMNEG := SUMNEG t P[I);

8(c). SUMCUB := 0;

SUMNEG := 0;

SUMSIG := 0; .

for I := 1 step 1 until 100 do

begin ''

end;

SUMOUB++;,.1SUMCUB + Y103;

if P[I) < 0 then SUMNEG := SUMNEG + P[I);

ifabs(P[1)) > 50 then SUMBIt := SUMBIG'+ abs*P[I);

9. COLSUM := 0;

for I := 1 step 1 until 22 do

if I Al2 then COLSUM := COLSUM + P[I, K);

write (COLSUM);

10. for J := 1, step

{1

until 27 do

° -P[L, PR, Jr+ P[M,..11;
.*

11. for J := 1 step 1 until Z7 do

if J K then0F[L, J.) := Ji '4- 2 x-P[M; J).;

12. for'I := 1 step 1 until N do

if.abs(P[I)) 50 then go .to:BOX3;

ANY := 0;

go to BOX5;

BOX3: W := P[I);

ANY := 1;

BOX5:

-7--

Comment on PrOblem 12--suggested code:

L

TAI

The ALGOL code proposed in 'the student text for this exercise is wrong

because Box 3 of the,flOW chart, which is outside the loop, has been "gathered"

,into the loop in the proposed ALGOL code, In'the flow chart once you enter V-
*,,Dox-.3 you h) left the for statement.

;,
..

,

,5962



for I := N step -1 until 1 do

if abs(P[I]) > 50 then go tJ B0X4;

F.,2 to Bae;

BOX14: W := P[I];

0X5:

i or alternatively,

J W := 50;

for I := 1 step 1 until N do

if abs(P[N - I + 1]) > 50 then go to' BOX4;

go to BOX5;

BOX: W := P[I];

BOX5:

14. T := 0;

for I := 1 sten 1 until N do

if abs(P[I]) < abs(14) then begin

if/abs (P[I]) > abs(T) then T := P[I]; end;

if T = 0 then begin wriferuNONE"); io to HALT; end;

BOX8: ---,,..----------...-

Note: all
one for
statement

,

It's assumed that the empty statement labeled HALT is to be found at the

end of the'program. A similar example was used in the student text at the

beginning of Section A3-2.

Note:

one.for .
if T P(K) then begin

statement if f[Ej < M then T.:= Pp();

BOX8:

for I := 1 step 1 until N do

if P[I] <14 then go to BOX3;

write ("NONE:9;
.

go to HALT;'

BOX3: ° T := P[I); '14,
,

BOA: for X := f + I step 1 until N do,

end; ' ;1-

1 k:

A

Again it's assumed that an empty statement labeled TALT is to be found at
ri

the end of the program.,

..
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16. SMALL := Q,[10
];

for J := 2 steD,1 until N do,

if SMALL > (1,(14 J] then SMALL := Q[LJ 3];

17, for I := M step -1 until 1 do

if R] > T then go to B0X3;

B0X4: ROW := Oj

go to BOX5;

BOX3:')'FOW :=.I;

BIG := Q(1, R];

Box5:

Answers to Exercises A1+ -2 Set C

'-begin real array X[1:50];

reLA, NUM;

integer I, J, N;

1.
e

end

read (N);.

for I := 1 step 1 until N do read (X[I]);

read (A);

- NUM := X(11- - A;

for J := 2 step 1 until' N do

'NUM := NUM X (X[J] : A);

write (NUM);

lb. begin ,.real'array X[1:50];_,

g

." 0

real A, NUM;

integer K, I, J,i.zN;

read (N);

for I :="1 step,1 until N do read (X[I]);

read (K, A);

NUM := 1;

,for J := 1 step 1 until N do

' if J K.then

NUM := NUM X ,(X[J] - A);

write (NUM);

a-
1,

4
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2. begin -real array X[1:50];

real DEN;

integer K, I, J,'N;

read (N);

for I := 1 step 1 until N do read (X[I]);

read (K);

DEN := 1;

for J := 1 stet 1 Until N do

if J A K then

N..<:)EN := DEN x (X[J] - X[K]);

write (DEN);

end

3b. begin integer array P[1:41;

integet':CV, SUM, L>'s, m, k;

end

HALT:;

for i :='1 step 1 until 4 do read (P[I]);

read (CV);

SUM := 0;

for L := 1 'step 1 until 1000 do

begin

read'(s, m);

k := m + s -:entier((m+s)/4)x4;

SUM := SUM + Pk + 1j;°'

if abs(SUM) > CV then begirt

write (I, CV, SUM);

go to HALT; end;

"
write ("MDR"); ,

t 4'
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Answer to Exercise A4-3

begin comment Look up in an unsorted Table;

real array X[1:200), Y[1:200);

real A;

integer K, N, LO,HI, I;

read (N);

for I := 1 step 1-until N do read (X[K], Y[KJ);

LO := 0;

HI := N + 1;

read (X[L0), X[HI));

read (A);

if X[LO) 5;A then begin

if A < X[H1) then go to BOX7; end;

write (A, is not in the range of the Table");

go to HALT;

BOX7: for I := 1 step 1 until N do

begin lif X[I) < A then

begin if X[Il > X[LO] then LO := I; end

`else if X[I] < X[HIJ then HI := I;

.end;

0
write (X[LOJ, YiL03, A, X[HI), Man;

HALTi;

erid 0.

TA4
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2.

3.

to Exercises A4-4 Set A

one big for
statement

0

a

4.

0

-of

es

BIG := 6;

for I 1 step .1 until M do

for J := 1 step 1 until N do

if abs(BIG) < abs(P[I, J] ) then

BIG := J.] ;

write (BIG);

LARGE := P[1, 1];

ROW := 1;

COL r= 1;

for I := Ntep 1 until M do

for J := 1 step 1 until N do'

if TARGE < P[I, J] then

begin LARGE := P[I, J];

ROW := I;

COL := J;

write LARGE, ROW, COL);

LEAST := p[i, 1];
ZTALY := 0;

one great big
for statement

for I := 1 step 2 unt.11 M do

for J := a step 2 until N do

if P[I, J] = 0 then ZTALY := ZTALY + 1

else if LEAST > P[1, J] then LEAST := P[I, J

write (LEAST, ZTALY);

:= 2 step 1 until M do .

° for J := 1 estep1 until N do

P[I, :4= J] + T X P[ltsi] .;

*
1

'6
4 c 9
tt, ,

.44

,1

. .!0. . . 64 08
O
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Ira

5.

.40

6.

'8.

es

'.

for J := 1 step 1:until N do

begin

MEN := P[1, J);

ROW :=
k
1

t
for I := 2,ste.p. 1" until

if MIN > P[I,. J] then

begin .

MIN := P[I, J];
4 o 4

130W I;

end;

wriZe (MIN, J, -ROW);

end;

SUM1 := 0;

for I .:= 2 step 1 until M do
. -

for J :=* step 1 until do

SUM1 :=SUM1 P[7) in;

SUM2 := . --_,/

for I := 1 step 1 until M do.

Tor J := 1 step 1 until M do

SUM2 := SUM2 + P[ I,, J] ;
-

ANY i=,0;

for J,:= M step -1 unti13 do

begin.

LAST := P[1, J];
70

for 7 := 2 step 1 until J --1 do

if abs(P(Ipfl) > 2 XffAST then go to B0X7

else LAST := P[I) J]J V.

BOX7: write (.P[;, J}, I, J);

ANY := i;

end;

if ANY = 0 then write ('NONE ");

4

A'

one great big

. ti

14 A
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Answers to Exercises .A1 ,get B

1(a). begin comment Number of non-cqngruent triangles whose

sides are of integer length less than 100;

Integer I,J; S; -*

S := 0;

for I r= 1 step 1 until 100 do

tor J := 1 + entier (I/2) step 1 until I do

' S := S + 2 X J - I;

write(S);

end

-

*(b). ' begin commentLAccvnulated perimeters for the S triangles

,-

counted by preceding wogfam;

--
Integer I, V, K, P; ,

...-

n P ,;= 0;

v- or I := 1 step 1 until 100 db..--- _
N1 fOr J := 1 +.,eiraer(I/2) step 1 untiY. I do

.
for K := I - J + l'step 1 until' J do

...

a' P -t:= P + ,I + J t IC;

write(P); ,

a

end

""
4

I

'sz

r

7 0
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440 .

Answers to Exercises.A4-4 Set C

f. . - begin comment prime Factorizatilh Alg9rithm;.

'integer N,

read (N);

one for
statement

tricky way to Write
a one statement loop
without use of a for
statement

for K := 2 step 1 until sqrt(N) do

2.

one for
statement

,e

BOX3: if N = entier(N/K) X K then

begin write (K)r

. ' N := N/K;

go: to BOX3;

if N A 1 then write (N);

end

begin comment shuttle interchange.sorting;

real array A[1:500];

real COPY;

integer I, J, K, N;

read (N);

for I := 1:2122 1 until N do read (AM);

end

for J := 1 step 1 until N- 1

'begin

if A[J] SA[J + 1] then go to JUNCT;

COPY := AO];

A(J]:= A[J + 1];

A[ J +1] := COP/;

for K,:=-J - 1 step -1 until 1 do

ii A[K] 5.:A[K + 1] then1.2 to JUNCT

else begin COPY :=

' A[K] := A[K +.1];

A[K + 1] := COPY;

end;

JUNCT:;

end;

for I := 1 step 1 until N do. write (A[I]);

f 6t 71

r '
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- -

3. ,
begin comment sleeper Fig. 1+-35;

real array .A[1:200] ;

real. COPY;

integer I, J, K, N;

read (N);

or K := .1 step 1 until N do read (ADC));

for I := 1 step 1 until N- 1 do

for := 1 step 1until N -I do
if A[J] > A[J + 1] then

begin COPY :arA[ J];

A[J].:= + 1];

A[J + 1] := COPY;

, end; )
: _.

for K := 1 step 1 'until N do write-(A[K] );
x

end. .

begin comment longest decreasing subsequence;

real array A[ l:100];

integer array B[1:100 ] ;

integer N, I; MAXINC, J, K;

read (N);

for I := 1 step L until N do read (A[I]);

yam := 1;

for J step 1 until N do

end
---.

°begin B[J] := 1;

for K t= 1 step 1 until J - 1 dó

if A[K] > A[J] then begin

B[ Lil < + 1 then

B[J] := B[K],. +1; end

if MAXINC < B[J] then

MAXINC := B[J];

end;

write (MAXINC);

72'
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Answers to Exerei&es,A5-1

Chapter TA5

PROCEDURES '

1. real procedure cubert(a);'real a;

begin,

real g,h;

g:=1;.

loop =(2 x g + a/g 12)"/3;

2.-

if abs(h-g) > .0001 then_ .

begin g:=Ilf

go to loop;

end;

cubert := h;

'end

real prodedure f(x);

real x;

f:=(3 x x - 2) x x + 1;

3. real procedure abs61(x); 0

real x;.

if .x < 0 then absol:=-x else absol := x;

p.

69 73
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Answers to Exercises A5-3 Set A .

1. (a) real procedure i(x,sr); real x,y;

f :-AUX 4 3 .y) 24+ 5) /(abs(x) + 2)-;

r

(b) z:=f(r,$) + 6 x T;

2. integer procedure right(a-,b,c); real a,b,c;

begin righi= 0;

if -.c < 0 Then go to error;

if b < 0 then go to error;-- _
if a < 0 then go to error;

if cxc=ax.a,-bxb then right:=1 else

if axa.b x-b +cxc then right:=1 else

if bxb=axa+cxc then.right:=1;
error:

3.

end.

(a) real procedure max(x,y,z); real x, y, z;

begin real lrgst;

lrgst:-x;

lrgst < Sr then lrgst:=y;

'if lrgst < z then lrgst:=z;

max:=1rgst;

end.

(p) begin

end.

e-r
r

real lrgst;
.

real procedure max(x,y,z); real x; y, z;

comment put procedure body here;

read(A,B,C);

lrgst := max(A,B,C);

write(lrgst);

A

1

..=



4. Let quad = 0_ indicate the,erfor exit.

'integer procedure 'quad(x,y); real xoy;
.

begin real z.;
7r---

if x = 0 then z:=0;

if x > 0 then

begin if y = 0 then' z:=0;

if y > 0' then z:=1;

if y< 0 then z:=Ii;

end;

if x < 0 then

'begin if y = G then z:=0;

if y > G then z:=2;

if y <:0 then z:=3;

end.;
. .

quad:=z;

end

integer procedure insect(xl,y1,r1,x2,y2,r2);

.real _xl, yl, rl, x2, y2, r2;
ti

begin real dist;

if rl
A
< 0 then insect:=-1 else

if r2 < 0 then insect:=-1 else

begin

.dist:=sqrt((x2-xl)f 2 + (y2-y1) 2);

if dist = 0 then

begin if rl = r2 then insect:=100' else

, insect:=0 end else

if dist = rl r2 then Insect := 1.else'

if dist = abs(rl - r2) then insect := 1 else

if, dist < abs(r1 - r2) then insect := 0 else

if dist > rl + r2 then insect := 0 else

insect := 2; ,

end;

end

6.

I

TA,
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6. real.procedure linyroot(a,n); real a;'integer n;

begin

--4 Teal h,,g;' integer i;

g := i;

for i 1 step 1 until l0 do'

begin

h :=aigtn-1);

if abs(g-h) < %0001 then go to fin;

g := ((n-1) xg + hgVh:

end;

'fin: anyroot' g;

end. r

;:

(a)..rkeal, procedure irate(n,R,L); real R,L; integer n;

begin real rest,-pay;

rest :='.01 x

:pay :=_L;,

for i := 1 step 1 until n do /

pay := pay x (1 + rest);

= pay;irate

Alternate -solution:

,

real procedure irate (n,R,L);

real R,L; integer n1
,

irate := L x (1 + 11/100)fn;



AnSwers to Exercises A5-3 Set B

1. integer procedure GCD(A,B);

integer A,B;

begin-integer r;

if A > B then

begin r := B;

B := A;

A := r;

4

end;

again: if A / 0 then

begin r := B - A x entier(B/A);

B := A;

A := r;

go to again;

end;

GCD := B;

end

2. integer procedure GCF(A,B4C);-.

integer A,B,C;

begin integer x;

x := GCD(A,B);

GCF -:= GCD(x,C);

end

Comment: The function procedure GCD woula have to be declared in the

head of the main program along with the declaration of

procedure GCF.

7377
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I

(a) begin comment nuilter of non - similar" triangles;

integer SII,J,K; .

integer procedure GCD(A,B);

comment put the rest of the declaration of
procedure*GCD here;

integer procedure GCF(A,B,C);

comment put the rest of the declaration of
procedure GCF,here;

S := 0;

for_I_L=1.1.atep 1 until 100 do

for J := 1 + entier(I/2) step 1 until I do

for K := I - J + 1 step 1 until J do

here: if GCF(I,J,K) = 1 then S := S + 1;

write(S);

end

(b) Replace the statement labeled "here" with

here:

7f

if GCF(I,J,K) = l then S := S + I + J + K;

Comment: In case students run this problem and also problem ,,A, on the

computer, you will probably want them,t6-cut down the size of the

problem. Otherwise, excessive computer time may be required. For

example, triangles whose lengths are less than 50 might be,enough.

Likewise, in problem 4, you could consider all numbers less than ,10
6

instead of 109.

A



.)

4. begin

lAekle,g,f

integer I,J,K,L,TEST;

integer array CUBE[1:1000];

comment place declaration of integer,4Drocedure GCD here;

comment"place declaratioa-of integer procedure GCF here;

for I := 1 step 1 until 999,do

begin CUBE[I] :=IxIx I;

for J := 1 step 1 untilrI do

begin TEST':= CUBE[I] + MEM;

if TEST i> 10t9 then E to over;

I - 1;

L := J + 1;

back: if L > K then E ttlagain;

if MEW + CUBE[ K] = TEST

then begin if GCF(J;KA) = 1

then write(I,J,TEST,K,L); fil

L L + 1;

K := k - 1;

Elto back;
.1"

end

else if CUBE[L] + CUBE[K] < TEST

then begin L := L + 1;

E to back;

end

else if CUBE[ ] + CUBE'[ K] > TEST

' then begin K := K - 14.

go to back;-

end;

again: end;

over: end;-
ti

end,

A

T

75 9

a

ie



TAW

Answers to Exercises A5-. Set. A

1. procedure absol(x,absx); real x, absx;

begin if x < 0 then absx:=-x else absx:=x; end

2. (a) procedure cxadd(al,bl,a2,b2,a,b); real al,-bl, a2, b2, a, b;

'begin a: =al + a2;

b : =bl +gb2;"

end

(b) procedure cxsub(al,bl,a2,b2,a,b); real al, bl, a2, b2, a, b;

begin a: =al - a2;

- b2;

end

(c) procedure cxmult(al,b1,a2,b2,a,b); real al, bl, a2, b2, a, b;

begin a:=a1 x a2 - bl x b2;

X b2 + a2 x bl;

end

(d) procedure real al, bl, a2, b2, a, b;

begin real denom;

denom := a2 1< a2-+ b2 x b2;

a:ix (al X a2 + bl x b2)/denom;.

b:= (a2 X bl - al X b2)/denom;

end

(e) begin real al, bl, a2, b2, oper;

comment place declaration of procedures cxadd, cxsub, cxmult,
and cxdiv here;

"read(al,b1,a2,b2,oper);

%end

write(al,b1,a2,b2,oper);

if oper = 1 .then cxedd(al,b1,a2,b2,a,b) efse

if oper = 2 then cxsub(al,bl,a2,b2,a,b) else

if oper = 3 then cxmult(al,b1,a2,b2,a,1) else

if oper 4 then cxdiv(al,b1,a2,b2,a,b);

Write(a,"+",b,"i");

76 8,0
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.3. procedure sort2(k,A,B,grror);

integer k, error; array A,B;

begin real copy;. integer i;

if k < 0 then

bdgip error:=1;0*

go to return;

end;

error:=0;

again: for i:=1 step 1 until k - 1 do,

begin if A[i] ?'A[i+1] then

begin copy:=A[i];

A[i].:=A[i+1];

A[i +1J: =copy;

copy:=B[i];

B[i]:=B[1+1];

B[i +l]: =copy;

go to again;

'end;

end;

return:

end

4. (a) procedure count(n,countfac);

integer ,n, countftic;

0

I

comment A negative value of,vOuntfac indicates N < 0;

begin

real bound; integer k;,

if n < 0 then

begin countfac := -1;

o Lo return;

end;

countfac := 0;

..bound. := sqrt(n);

for 1 step 1 until bound -1 do

n = k x entier(n/k) then

bountfac countfac,+ 2;,

en

if n = k x k then countfac := countfac + 1;

return:

r.

.81
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4., (b) begin integer n, fac;

. comment' place procedure count here;

5.

for n:=1 step 1 until 1000 do

begin 'count ( ngac);

if fac = 2 then write (n);

end;

ead.

(a )- procedure aliquot( number, n,parts);

integer number, n; integer .array Rarts;

begin real bound; integer k;

if number < 0 then

begin n:=-1; go to feturn; end;

-RT=1; A

parts[1]:=1;,
"finIP

if number < 3 then 52,to return;

. bound: =sqrt ( number );
T

for k:=2 step 1 untilbounii do

begin if number = k x (number + k) then

begin. n:=n+2;

parts( n-1] :=k;

!,parts[n]:=numberik; t '

end;

end;
, r

if parts[n] = parts[ntl] then n n-1;

return:
end

(b) begin integer i, n, j, sum; integer array A[1.40];

comment place procedure aliquot here;

for i:=1 step 1 until 500 do

begin aliquot (

if n < 0 then

begin write( irpossibleV,);.

Bog to set;

10! end;

sum:=0;

for j:=1fstep 1 until! n do.

sum:=sum A[U];

if i = sum then 'write (i)
end;

set:

end

The first five perfect numbers are 6,-28, 496, 8128,.,33550336

78 8 2, Yov
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begin 'integer i, suni; integer array A( 0:500) , B(0:500);
comment place procedure aliquot here;
for i:=1 step 1 uniirl. 50,0, do

begin aliquot(i,n,A);' if n < 0 then
- begin write( "impossible " ); go to set; end;

sum:=0;

for j:=1 step 1 until n do
sura:=suni At j];

)3( i) :=sum;

if 6111 < i than
; begin if BE sum] i'then write (sum,i); end;

set:
. end; ......---..

Q,,. ,
end , (

.
1 0-

The only pair of friendly numbers les tlian 500 are 220: arid c284.

, Answers tO Sxsrcis -e-s A5-4 Set 13-----41-1 ..
' ......1 ,

1. real procedure Least(n,A);
4.

9
integer n; real array A;

'

Ai, . comment this finds the sltqllest component of A;
-4_. begin, real S; integer i; .

S := AD.];
1

for 1 step -7 until m do
. .

0

,

> S then S := AD.);
LeliSt := S;

end;

integer procedure Subleast(n,A);
integTr n; real array A;
Connsini this finds* subscript !of the smallest component of A;
begin real S; ihtegei,k;

S := A(1];_.'
K :=.1;
for i := 1 steil 1 until n do

if A( > then
begin S = AU);

K i;
end;

Subleatt k;
endrkit

4
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3. procedure Marks.(n,A,s,k);

integer n,k;

real array A;

real s;

begin s
, ,

1.::= 1;

-for i := 1 step.-1 until'n do

if A(i) > s then

begins := A[i];
o

end

:= i;-

end;

Answers to Exercises A5-4 Set C.

procedure degree(n,A);

integer n; integer array A;

begin comment the degreeof A is, the final n;

over: if A[n] = 0 then

begin := n-1

if n > 0 then go to over;

end; 0end;

end

'2. procedure simplify(n,A);

integer n; integer array A;

comment coefficients of A will be divided byttheir
greatest common factor. Procedure Gcp is used;

begiriinteger D,i;-

II
D := abs(A[01);

for i := 1 step 1 until n do

begin D := GCD(D,abs(A[i]));'

if D = 1 42 return;

end

re

i

urn:"

end.,

__.

r

for until n do

A[i] := Alij/D;

84

a

1



3. domment"procedure RDCMOD-redtmailln nth degree

polynomial A(x,) modulo an mth -degree

polynomial B(k) where.m. < n < 100 GCD used;

procedure RDCMOD(n,m;A,B)e

integer n,m; integer array A,B;_s

begin integer C,D,xri; -

if mr< 0 go to return;

again: if n < m go to return;,

X := GCD(A(n], B(ml );
C:=V[m] x;

:= Atn]-: x;

for i := 1 'tep 1 until in

if, < m then

A(n-i] C x A(n-i1 - D X B[111.-Ii)

else At'n-i] C x A[n -i];

n := n - 1;

degree ( n, A) ;

simplifjr-(is,A);

2 to again;

return:

end

0

TA5-



1/4.

21

TA5

4. begin comment program fOr finding the greatest common divisor of two
polynomials A of degree n end. B of degree m;

integer" n,m,

. integer array A,B(0:100];

comment put declarations of 4 pKocedures:degree,simplify,
RDCMOD and GCD here;

read(n,m);

.for i := 0 step 1 until n do read(A[i]);

* for i := 0 step 1 until m do read(B[1));

degree (41, A);

simplify(n,A);

degree (m,B);

simplify (m,B);

s-17 := 0

BOX7: RDCMOD( n,m, A,B);

T := -11;

BOX11: if T > 0 thep sw 1 - sw;

4

r if sw = 1 go tO1300X8 else go to BOX7;

end/ ..-

else if T = 0 then begin Zri-ite("1");

go to BOX18;

nd

else if T < 0 then begin if sw = 0, -then

BOX8: RDCMOD(m,ntB,A);

T- := m;

I

BOX18:

end

There is a supplementary exercise set in the Teacherts Commentary,at the

end c:If Section. 5-4. Here ape the ALGOL programs for.the flow charts given in
the solution set -tto the e(xercises-. 6

1'1 real, procedure ihtodec(nA,b);

integer n,b; array I;
begin integer' i; real; s;

go to BOX11;

1 for i := 1 step-3.- until m do 1,,rrite(B(i]).;
&-7*

elsefor i := 1 step 1 until n do -write(A(1.1);-

go to BOX18;

end;.

I

c

s := 0;

for i := 1 step 4 until n"do

-s':= s. 4. A[i] X bf(n-i);

Iintodec.,:= s; ''') ,
.

end , 11- .

- 82./'. 86-
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2. (a) real prbcedure fy(k,A);

integer k; rray A;

begin array comp(1:16); integer j;

camp(1]:="0:';

comp(2):="1";

camp[3]:="2";

comp[4]:="3";

comp(5):="V";

comp(6) :="5";

comp[7]:="6";

comp(8]:="7";

I t,

(D )

comP(9):="8";

comp[10]:=v9"';

comp(11]:="u"-;

comp(12):="v";

comp[13]:="w";.

comp[14]:="x";

comp(15):.fy";

comp[16]:="z";

for j 4-1 step 1 until £6 do

begin if A(k) = comp[j] then begin

idefy:=j-1;

go to set end;

end;

Write("INCORRECT CHARACTER");

Set:

end .

TA5

4 It

real procedure hexd(n,A)

iniegern;-array A;(
1

begin.integer-i, digit; real deo;

comment place real procedure idefy(k,A):

f en

dec:=0;

for i 4-1 step 1 until n d

begin digit:=idefy(i, );

/ dec:=dec + digi x 16 4(n -I);

end; r

hexd := dec;

here; ,

..

4
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4. procedure outdec(d,b,R,m);

integer, m; array R;

begin integer q; m:=1;

again: q:=d i b;

R[m]:=d - q x b;

if q = 0 then go'to return;
u

m:=m+1;

d:=q;

go to again;

5

return:,

end

begi integer bl,b2,n,i,m,basel0; array A,R[1:100];

comment place real procedure'intodec here;

comment place procedure outdec here;

, read(bl,b2,n); '

for i := 1 stepAl until n do read(A[i]);

base10:= intodec(n,A,b1);

outdec(base10,b2,R,m);

for r := m-step -1 until 1 do write(Rfi)); ,

.; .end

6. (a) procedure Rnum(n,A,num); integer n, num; array A;

begin array roman[1:7], value[1:7]; integer last,k;i;

4
rom#n[l],:="1 ";

roman[2] :="V";

roman[3]:="X";

roman[4]:="L";

4 roman[5]:="C"?

roman[6]:="D";.
fo

roman[7]:="M";.'

valu(1]:=Z

valu(2):=5;

valu[3]:=10;

valu(5]:=100%

valu(6]:=500;

valu[7] :=10,00;

V

ti

num: =0;

last :=8; :
3 (continued) ' "

8}P '

D
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6. (a) (continued) I

for k := 1 step 1 until n do

begin for := 1 step`l until 7 do

if A[k] = roman[i] then' go to BOX7;

vrite("incorrect character");

go to return;

BOX7:
/

if last < i then num := num- 2 Xvalu['last]+valu[i]

else num := -num + valu[i];

last/ := i;

end

return:
_

.4).end

(b) begin integer n,M.,i,*sum,numl,r1um2;array A[1:20), B[1:20);

comment place de*claration of procedure Rnum here;

again: ea4(n,m);

for i := 1 step 1 until n do begin read(A[i] );

write(A[i]);

end;

for 1 step 1 untilm do begin read(B[i]);

write(B[i));

Rnum( n, A, numl );

Rnum(m,B,num2);

, --sum := numl num 2i ;

write("suk =",sum);

-go to again;

,r°

end

jib
v.

4./
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Supplementary remarks on assignment of values to non-local variables

The follOwing should help you to visualize how the information on ion-

local variables is transmitted.tolan ALGOL procedure. Suppose an actual pare:

meter is a single variable T and suppose it-matches 4formal parameter X in

the procedure declaratiOn. At the time tie procedure is e5Ef:Ited, there are

two ways information about T can be transferred to the pkocedure. These cor-

respond to dropping in the window box labeled "T" and to dropping in a slip ,of

paper on which the value of T is written.

If we drop in the window box labeled "T", this is referred to as "call by

name". If we di-op in the slip of paper, it is "call by value ". In the pro-
,

cedure head; in addition to the type specification of X, it is possible to

include another specification:

value X;-

.000*

which insures that only the value of T, the actual parameter, will be trans-
, ,

ferred to the procedure. The address of T `will not be known. There is no

danger,Itherefore, that the procedure will alter the value of the non-local

variable T.

,
In the function procedure we have until now guarded against this unwitting

lik
reassignment by forbidding assignment to any non-local variable inside a fune-

tion procedure. Now we have a second way to accomplish this safeguard. In the

proper procedure the output variables must be in the call -by -name category

since otherwise the compiler would not know where to assign the values to be
1., .6,,.

output. ALGOL is so defined that all simple variables,not specifically desig-

nated to be called by value are called by name. We have been calling by name
k

,.,
(by default, so to s ak) in 1 our rocecores.

1
ExercisesAnswers to Exercises A5-5

,

i procedure roots2(al,b1,4,22,b2,c2,x1,x2,L);

real al,b1,c1,a2,b2,c2,xI,x2; label L;
ist

. ...

begin real denom; i

..

denom := al x b2 - ag.Xb1;'

if denom = 0 ...hen go to 1 , , '

Ielse begin xl :4c1 X 2 - c2 X b1)/den04,
'12-

x2 := (al X, 2 - a2 x'cl)/denam;

.
end

end;
I

'86 90



2. (a)

TA,

comment a procedu- Nrfind the real roots of A quadratic equation
9tilizing alternate exits;

procedure ROOTSA(a,b,c,x1,x2,L,M,N);

V

ee

real a,b,c,xl,x2;

label L,M,N;

begin real disc;-

if a =,0 then

begin if b =410 then go to L

else begin xl := -c/b;

end

else if b = 0 then

go to M;

end;

begin if c/a > 0 then go to N

else_if c =,0-then go to M

else begin xl := sqrt(-c/a);

x2 -xl; .

go to return;.,

end;

end

else begin

disc := 13 b - 14.x ax c; 44

if disc > 0 then

, .1 return:

, ,ens

begin sxl. := (-b + sqrt(disn))/(2 x a);)

X2 := (-b - sqrt(disc))/(2 x a);

go \o return;

'en

else it dis d= 0 then

I begin xl -b/(2 X 4);

go to M;

end

else go to N;

end;

?-;

, .

e- -
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2. (b) comment a program to call procedure ROOTSA;

begin real a,b,c,x1,)(2; '
'At

comment the procedure declaration for ROOTSA goes here;

read(4,b,c);

write(a,b,c);

ROOTSA(a,b,c,x1,x2,BOX5,BOX6,BOX8);\

write("TWO SOLUTIONS x1=",x1,!'x2=",x2);

go to fin;

BOX5: write("NO INTERESTING SOLUTION");

go to fin;

B0X6: write("ONE SOLUTION x=",x1);

to to fin;

BOX8: write( "SOLMTIONS ARE COMPLEX");

fin:

end

comment a proper procedure for real roots of quadratic equations;
2. (c) .

procedure roots(a,b,c,p,x1,x2);

real a, b, c, xl, x2;

integer n;

begin real disc;

if a / 0 then

begin if b / 0 then.

begin disc :=bxb- 14xaxc;

if disc > 0 then

begin n:=2;
4

X1 = (-b sqrt(disc))/(2xa ;

4 - Jc2 = (-b sqrt(disc))4(2x ); end
. ,

'else begin if disc = 0 then -begin

xl:=-b/a end

.else n:=3.;

end* go to endroots;

end;

if c/a < 0 'then

begin n:=2i x1:=sq0(-c/a); = -xl; 'end

else ri:=3; go to'endrodts; .

end

else if b / Q then

begin n:=1; -c /b; end

else n:=0;

i.,endroot's:,
A

end

V

,

41Sik .44
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2. (d begin

comment pieces of a calling program for'Doots;

4

real a,b,c,r1,r2;_

integer k;

comment the procedure declaration of toots must be inserted here;

read(a,b,c);
4

write(a,b,c);

roots(a,b,c,k,rl,r2);

if ItC- 0 then write("no interesting solution",

44.

else if k = I then write("one solution F =",r1)

else if k = 2 then wrAe("two cautions rl 4"\,,r1,"r2=",r2)

else if k = 3 then write( "solutionsare complex");

end

O

44A
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3. (Using lads as procedure parameters)

procedure f(x,y,T,q);

real x,y,T; label q;

if x = 2 then go to q 1

else T := ((xt3+y)t2+5)/(x2);

re.

ti

Calling program:

begin

real r,s,V,m; label boxl2;

comment labels really do not have to be declared in a main program;

comment place declaration of procedure f here;

read(r,a,V);

f(r,s,V,bOxi2);

z := V + 6 x m;

go to all;

boxl2: write("Vicannot be computed");

all:

-end

Answers to Exercises A5-6

1. procedure 'contch(n-,s,c,cOunt); .

integer n, count, c; array s;

begi integerm, loc;

comment the proceddre declaration for chekch mus
inserted here;

Lr M:=1;

count:=0;

,again: chekch(n,s,mloc);

if loc = 0 th n go to return else,

dount:=c,6urit+1;..

m: =loc +l;

BE to again;

end
-7-

i

return:



I

2. procedure parenchek(n,S,erro%

integer n, error; array S;

0 begin integer count,i;

4 count :5 0;

for i :=1 step 1 until n do

begin if S(i] = ")" then

begin count := count-1;

end

R5

if count < 0 then begin error := 1; go to return;

end

end

-else if Si) :="("then count := count + 1;
0---
end;

if count = 0 then error := 0 else'error-:= 2;

return:.

3. procedure contst(n,S,1s,C,count);

integer n,k,count; array S,C;

begin inte_ger_m4loc.

comment place procedure declaration chekst here;

unt := 0; o

m:= 1;
.

a ain:, chekst(n,S,m,k,C,loc);

if loc = 0 then go to return;

count := count -+ 1;

return:

end

m ;= loc

go to ag

K - 1;

n;.

.0 91
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Joef

( a) Pro cedure aver ( m, n, A, v ); .

integer m,n; real v; array A;

bean integer num,S4M, ;

num := n m + 1;

sum c 0;
4 0

if num = 0 tiren begin v := -50; go to return; end

else-for i := m.step 1 until n do

sum := sum + A[i];

v sum /num; 1

return:

end=oh
/

(b) begin integer mA,k; array A[1:n]; real aver age;

comment place declaration oft procedure aver Here

place declaraion.0 procedure readstrini- here;

tot-

, 4

end

readstring(k,A);

read(m,n);

aver (m, n, A, average );

write (m, ft, average);

go to again;

I 1

4
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Chapter TA7

SOME MATHEMATICAL APPLICATIONS

4
.

'The material here will parallel closely that in the Student's Chapter:A7.

Since no new ALGOL conbeptd have been,introduced, _discussions are liiited'to-
.

specific points regarding the exercises. 4

Answers to Exercises A7-1
;

AP.1. begin

refl. procedure fl(x); real x;f1 := (xf 2 - 1) X x - 1;

real procedure f2(x); real x;f2 (x + inx);

real procedure f3(x); real x;f3 := 5 - x.- 5 x sin(x);

real procedure f4(x); real x;f4 := (xf 2 - 3) X x - 2;

real procedure f5(x); teal x;f5 := ((x -,2) X x - 13) X x 10;

comment place the zero procedure here;

real result;

zero(fl, poxii, 0, 2, .1,result);

writes(result); go to BOX2;

BOX11: write,("method is inapplicable for fl(x)");

BOXe: zero (f2,'''BOX12, .1, 1,'.15, result);

write (result); 84 eteda3;

BOX121 write ("method iiinappllicable for f2(x)");

BOX3: zero (f3, BOX13, 0, 2, .4,,result);

write (result); go to BOX3a;

BOX13:. write ( "method is inapplicable for f3(x)"); go to BOX44

BOX3a: zero (f3,10X13a,.0, 2, .00('4 result);_

write (result)-go to BOA;

4

BOX13a: write ("oops");

BOA: ,zero' (f4, BOX14, 0, 2, .1,'result);..

write (result); go to BOX5;

BOX14: write ("methoil. is inapplicii0p for f4(x)");

BOX5i zero (f5,BOX15, 0, 4, .1; result);

write (result); go, to B0X6;

130X15: write ("method'is inapplicable for f5(x)");

BOX6:

end

,/
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Ca3lculated results
(1). 1.3438, c = 0.1
(2) 0.60625, E = 0.15 '

(3), 0.87500, E = 0.4; 0.94565, E =

..(A)'. .(Not-avai-lable thi:s edition)
(5) Method is inapplicable.

2. begin

t

1O-4

:4, real procedure fl(x); real x; fl := (xf 2 - 2) x x - 5;
real proCedtlre f2(x); real x; f2.:= ((xi 2 + 3) X x - 2) X x -44;
_real procedure f3(x); real x; f3,:= ((3 x 2) X xt 2 + 7) X x - 4;
real procedure f4(x); real x; f4 := (x t 2 -'1) x x -.1;
real procedure f5,(x)5 real.x.; f5 := (x -.3) x x x ( in(x)) 2;
real procedure fll(x); *real X; := x + 2n(x);
real procedure f,12(x); real x; fl2 - x - 5 X sin(x);.
real yO, yl, y2, y3, y4, y5, y6;77, lz;
for Z := 110.0 step 0.5° until 10.0 do J

begin
7

YO = Z;
Y1 :=fl();

y2 := f2(Z);
y3 f3(z);

y4 := f4(Z);
y5 = f5(Z);

yg := fll(Z);

y7 := f12(Z); .0

write (y0,y1,y2,y3,y4,y5,y6,y7);
end;

end

The exercise x =,tb.nx was not programmed since it is not continuous
in the desired interval.

3. ,( a) 15.03 (or 15 to the nearest foot)
)

](b) 15.65 ft.

.;

94 98
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. 4, begin

real procedure f(x); real x; f := sin(x) - 2/3 x (x);

real procedure g(x); real x.; g :t=5 sin(x)/.c.os<x) - 10, X x;

q.ent procedu,re Zero goeS here;

pi, A, B;

pi : 3.14159;

. zero f, BO0(4, 0, p1/2, .6001, A);

zero BOX4,5 0, pi/2, .0001, B);-

write "root of f(x.,) is"if A, "loot of ,g(x) is ", B);

go tCIFB X5;.

B0X4:, write (' ethod is inapplicable for f(x) or g(x) ");

BOX5:,

endF

5; _begin

real pioced 'f(x); real x; f := x X sqrt(-1 --...X152)-; .25;

real procedur g2(x);.realX; g2 := sqrt.(1%:-x t - xt 2;

real procedur g3(X); ilee.1"X; .g3 r 2) t--5i t 3;

real procedure' 4(X); real X; g4 := sqrt(1.- x t 2):- xi 4;.
real 'procedure (x);,real>1. g5 := sqrt(1.-'x f 2) - x f 5;
comment procedure zero goes here;

realY1-, F2, RG2, G3,.RG4, Re4;

zero (1; BOX8,-, 0, , .15at3.,.F1);

zero (f, BOX8, .5, 1, .0001, F2); .

to

zero (g2; BOX8., .707; 1, .0001, RG2),;.

zero (g3; BOX8, RG2, 10001.,. RG3);

BOX8, RG3, 1, .0001, Rte);

zero (g5, 1364, RG4, 1, .0001, RG5); \ .

write (Fl, F2, RG3, 'RG4; BG5)i g6 to BOX9;

'BOX8: write ( "obps");.

BOX9:

end .
4

".1 1'

IL

.
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TA7-2' The Area Under a .eurve:

Answers- to Z'cercises A7-2

1

1

'

An Example:s y =)1/x, between' x = 1 and x = 2

(a) If epsi is sufficiently small, two successive approximations may
. ,.:

differ by more than epsi for every 'n, n < 160.
.0.

.

(b) If the calCulation failed to terminate before n'. 100, the storage
. I

( c)

set aside for T will be exceeded:,

Before the statement 11:=n 1; add.if n = 1010 then'go to S3;

Before statement BOX9 add S3:, write. ("Erp.Pr tolerance exceeded");
d

2. We could'eliminate the calculation of 2n for each n. We do:not'ned

beforealltheM-,-. satonce.currentLi and the one just before the

current one are needed, If we call these OLAREA and NUAREA we do not '

need to use any subscripted variables.'
't''' )

Revised'Rrogram

I begin

integer m, n, k;

real h, epsi, s, OLAREA, AREA;

read (epsi);

OLAREA := 0.5 X.(f(1) +

m := 1; h := 1; n

B0i3: m := 2 k m;

h h/2;

s := 0;

for k := 1 step 2 until m- 1

s := s + f(1 + k X h);

AREAI:= 04 X OLAREA + h X s;

if abs(AREAHL OLAREA) <e"psi th

it n\= 100 then go to S3;

n :='n 1;

OLAREA := AREA;

go to BOX3;

S3: write .("Error tolerance exceeded ");

BOX9: write .(epsi', "AREA =", AREA);

end

fc0);

96
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FOr epsi = 0.01, AREA = 0.69412.

For epsi = 0.001,,'AREA.= 0.69339.

3. Let limit be the maximum number of iterations to be pdrformed.

begin .

integer m, n, k, limit;

4:

real h, s, OLAREA, AREA;

yet (limit) ; , - e

OLAREA:= 0.5 x (f (I`). t\,f(2));

:= 1.0; := in := 1;

BOX3: , m =2

= 11/2;

a := 0;'

for k := 1 sty. 2 until m - 1 dot

in := +f(1 +k R h);

. AREA := 0.5 x OLAREA + h x t;

if n1F limit then go to BOX9;

1 n := n 4
OLAREA := AREA

go to B0X35

write ("n", "AREA", "alisdif");

write (n, AREA, abs(OLAREA - AREA));

,

BOX"§:

end,,

'AnsWer: for in = 15, AREA = .69314.

.

AJ] we need to do is to put the label repeat " tn the read stt.t ent and

add qne statement before,"end". e added statement would be

Bo to repeat;

g. * %

.

tI

. 190:e
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5. begin

real s, t, a;

. integer n, k;
z:, read. (n);

end.

s:=0.75;
t:=1/n; -
Sor k:=1 step 1 urrtir.n 7_1 do

.
s:=s + 1.041.40 +.1ex t);

as =s /n;

.vrrite ("AREA=",,Ei);

go to zir

For n = 5; = 0.69563.

For n = 25, AREA = '0.69325.

For n = 75, ,,AREA = 0.69316

For n = 125, AREA =

For n = 200, AREA-=.0.69315.'

I

- '

:

.
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TAT- 5 Area Under Curve: The General Case

Answers'gto Exorcises A7-3

1. (a) repl proCedure area2(a,b,n,f'); real a, b;

integer n; real procedve.f;

begin

real h, K, S;.

h : = (b- a)/n;'

S := x (f(b)'+.f(a.));

for K := 1 step 1 until n- 1 do,

S := S + f(a + K X h);

'are := S'x h;

"end* area2

-

testing pidgram:

TA7,.

r .

1:4gin

real procedure Z(4; real x; Z := sin(10;,

comment place declaration real procedure 'area2 }ere;

real A;,

A := area2(0,3.14159, 5006, Z);

write U1); '

end'
.

The area under the sine curve is 2.000, while for a semicircle of
. .

diameter n the' area is .3.876.

b) Of course, this is not the usual method for printing a logarithmk-
,

table. The problem is given td connect- again the area method-to the

introductory discussion of !lux. The correct values of Mix are these:

x

.1

"6

11

16

21

26

Inx

0.00000

1,79176

2.59790

2.77259

3.04452

3.2.51310

£nx

31 3.43399

36 3.58352
/

41 3.71357

46 3:82864

51 3.93 3
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li(b) The ALGQL prcigram could be .written:

begin .

ir real procedure y(x); eal x; y 1/x;
\ '

-comment place de93,eXati n'arda2 here;

integer i; ieal w;

for i,:= 1 step 5 uhrtif, 51 do

begin w := area2(1,-i, 5000, y);

. ,

end;.

end'

;

O

it
4;

I

I. fit

The variable m indicates the current number of subdivisions. The

following revisions to the procedure area (a, b, epsi, f) woad

accomplish the desired termination.

(1) Include an integer NMAX as an argument of the procedure area

'(a, b, epgi, f, WAX). Don't forget t9 declare MAX.

(2) The program. through ithe statement 'OLAREA :=-NUAREA; could'remain the

same. The rest could be
. ,

if m < NMAX then 42 to BOX31

write ("Acd4racy criterion exceeded' UANEA);

44i

=9: area := WAREA4 ., . ,o
r

. '- .

.-

'end area . e.

100
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(a) begih

'' real procedure f(x); zeal x; f:=.43429/x;

comment Place procedure ,declaration for area here;

'comment Place procedure declaration for area2 here;

real z; integer i;

for i:=1,2,4 do

begin

4.zi=area2(1.0,3.0,i,f

wriie(1.0,3.0,i,z);

end;

z:=ai'ea(1.0,3.0,0.001,f);

write(1.6,3.0,0.001;z);

end

(b) be in A

real procedure g( -x); real x; g:=3 X x42 + 2 x x + 1;

commentPlace procedure declaration\for area here;
. ,

comment Place procedure declaration for areal 'here;

real z: integer i;

for i = 1,2,4 do,

begin

Z:=area (72.0,2.0,i,g);

end;

z:=area( -2.04.0,0.001,g);
,J4

write(-2.0,2.0,0.001,z);

end

(c) be in

;real procedure p(x); real x;J:=x 41: x42;

commerrE Place procedure declaration for area here;

comment. Place procedure declaration for area2 here;

real z; integer i;

for 1 = 1,2,4 do

begin

z;=area2(1.0,4.0,i,p)k

write(1.0,4:0,i,z);

tend;

z;=area(1.0,4.0,0.001p);
write(1.0;4.0,0.001,z);

end
'16

I.

TA7

fi
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Computd results:,

Supdivisions

1

2

4

(b) I

9

'CI° 2

4

(c) 1

2

4

4. begin

end.

4.

epsi

lo-3

lo-3

10 -

real procedure real i; f-4.= sqrt(4 -

comment place procedure called area here;

real RESULT;

RESULT := area (0, 2, .0001, RESULT);

write ("PI equals", RESULT);

p

4
Area

0.57905

0.50667

o.48496

0.47724

52.0o

28.ogo

22.000

20.000

72.00

50.063

44.578

42.750

x t ?);



TA7-4 Simultaneous Line4r Equations: Developing 2 Systematic Method of
' Solution

Answers to Exercises A75.4

1. begin

array a[1:2,1:2],'A[1:2,1:2];

array b[1:2,], B[1,2], X[1,2J;

R; read (a[1,1], a[1 i2], b[1], a[2,1], a[2,2], b[2]);

A[1,1):=Et[1,1)/a[1,a)j.

A(1,2]:=a[1,2] 1a(1,1];

B[1]:=1(1] /a[1,1];'

A[2,1); =a[2,1) - a(2,1) X A(1,1);

A[22]:=a(2,2) -a[2,1] X A[1,2];

B[2]:=b[2] - a[2,1] X B(1);

x(2):=B[2]/A(2,2);

x[1]:=g[1] - A(1,2) X'x[2];

write (x[1], x[2]);

go to' R;

end;

2. (a) x = 1.6250 y = 0.75000

tl?) OX = 1.8636 y = 0:81818

(c) x = 2.4706 y = -1.1471

.(d) x = .5600 y = -2,5000

(e) x = 0.65217 y = -1.2609

C,

TA7

(f) . oad958 x2 = -0.33977

(g) xi: . 2.1933 .x2,=-0.30269 r
. ,

- ,
.
/
Although this program will solve our problems, we have actually.computed, f

much more than necessary. The next section of the text shoys how to

O

solve equations more 'efficiently.

./

f



TAT,

TA7-5 Simultaneous Linear Equations: Gauss Algorithm

Answers to exercises A7=5 Set A

1. for 'j:=3 step 1 until 3 do

al2,j]:=a[34] /a(2,2);

b(2):=b(2)/8[42];

!
2. f or +.3.,,step until 3' do-

a[k;j]:=4k,j)/a(k)k);'

: =le it,k) ,

3 for i :=4k + 1(dtep:1 until 3 do

begin

for 'j := k +:2i step 1 until 3 do -

aii,,P4= a[i,j] 1 ai,k] x a[k,j];

e

bk.) b[i] - aft,k) X b(k);

-.

fOr k:=1 step 1 until 3 do' .

begin

fjor j:=k + 1 step 1 until 3 do

a(k,j):Fe[k,j] /a[k,k];

b[k]:=b[k] /a(k,k]`;

for + 1 ste15,1 until 3 do

begin

for j.:7k + 1 step 1 until 3 AO

, e[i,j):=6.(i.4) - ati,k) X a[k,j];

0(i):=b(il aCi,ki X b(k); ,

end;

end

ti

104
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Answer to Exercise A7-5 Set B

TA7

1. 'hie c omplete ALGOL program for Figure,7-36 may be w ritten as follows:

.

begin array a[1:34:3], b[1:3], x(101;

integer i, j, k;

Ll: for i:=1,step41 until 3 do

begin

for j:=1 step 1 until 3 do

read (a[i,j]1.4

read (b[i]);

end; A

for. k:=1 step 1 unti13 do .

begin

for j:=k + 1 step 1.unti1 3 do,

a[k,j]:=a(k,j)/a[k,k];

b[k].:=1),[k]iatkat`

for 1 stet 1 until 3, do

.1)11.$12

for j:= k,+ 1 btep 1 until j'do.
x'a[k,J];

b(3.]:=b(i) -ret[i,k] x b[k];

end;

end

for 4. := 3 step -1 until 1 do

begin

x0.) := b[i];

for 4 := 3 gtep,r1critf1 i + 1 do

4J1 := AU] - a[1.4) x x(il;

end;.

for i := 1 step 1 urAil 3' do

'write (44.0;

to Ll;*

end.: .

*7

4



TA7

2.:

(b)

= -10.000

x
2
= 1.8824

x3 = 15.471

xl T.-42.6279 '

(e)

(d)

xl = 1.2289

x
2
= 0.20482

x
g

-0.83133

x
1

2.8154

3. . (a)

x42 = -0.23256

x3 = -1.8372

ki =

= 5.9268

x3 = 0.13861

(b)

x
2

= 1.7077

x3 =.-0.:15385

xl =0.66311

x
2

= 5.1741

x3 = -1.5221
e °

.4

'aswer to Exercise A7 Set C

The ptocedAg. Called Gauss: /
7

props,pre Gauss '61, b, x).

4ceal brray a[1:41,. 1:n], b[1:A], ,x[1:n];

integer al; "

begin integer' i,' j,

fo k := 1 ste'n 1 until n do,

begin ' ""-,
.

for J k+ 1 step 1 until n do

a(k,J] := a(R4j1/a(k,k).;

b(k) := b[1:4/a(k,k);

k + 1 step 1 until n do --

begin ',

for j := k + step 1 until.n,do

a(i,j) := a[1, j] - a[±,k] X a[1:41;

b[i] := b(i) - ali,tj X b[k];
,

end;

endi .

for i := n step -1 until I do

begirt :

x[1-1 : ='b(i];

for J := 3 step -1 until i + 1 do

a(5..,J)

Mle . .

end;

end Gauss..
4

O.

<

dr'

I



0

The calling progiam:

p.

begins

comment place Gauss here;
444.

integer m, j;

real array r[l:20, 1:20],,s[1:2011 ?[1:20];

Li: read (m);

l'step 1 until m do

begin

for j := 1 ste.p 1 until m do

read (iii,j3);,
read (r[ .);

end;

Gauss (m, r, s, t);

for 4 := 1 step 1 until m:d6

write (t[i]);

go to

iend

r
".*

0 1.

ti

40 9 .

ti -'7
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Answer to Exercise A7-5 Set D

The procerT4lAre. called Gauss revised to include partial pivoting. (Changes
u

are shotn in clOuds.)

procedure.Gauss (n,a,b,x

real array afl:n,.1:41, b(1:nl, ;c(1:n1;

integer n ;:

.
begin integer i,j,k

folt k := 1 stet 1 until'n do

begin'

max := abs(a(k,k]); m :=

for i := k+ 1 step 1 until n do

if abs(a/i,k)) > Max ihen,

begin max :7.abs a[i,kJ; m := en

CV,

if max = Osthen go tolL;

if max /kthen
-e-

for j :.= k step 1 until n

begin

copy := afk,j1;

"`"a(k,j) := 'atm,j);

abn,j1- := copy;

0/4

a
end; J 5

copy ;= bfkl;

b(11 := b(m1;

b(m) := copy)

end;

for- j := k + 3,s p 1 urrefft-n--do

alk,j)/a(1,t,k1;

:=-b(k)/a(k,k1;
";
for i := k + 1 step 1 until n do

begin

for j := + 1 step 1 until n, do

aLi,jJ := a(i4) - a(i,k) X a(ls4];
:= b(i) - a( X b(k1;

end;

end; .1:

4tipued)

108

1
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-1..K-dontinUed).

tor i := i step -1 until I do

begin

x[i] b[i];

for j := 3 step -1 until i t I do

.x(j) x(j3.- sti,j3 x Ai];

end;

. end Gauss with partial pivoting

s-
e

4.

..

2 With (a) : xi = 1.1805
9 ( b )

1 = l0.550

.. x2 = 0.54135 0
x2 = 3.9000

* \
. .2c

3
. 0.59398 x

3
0.60000

.

:t..* .

.

-'.The results without 'pivot' will vary.' You may on one hand get an error.

stopf-iz on the other get an output which is incorrect.
.

I

PM 0
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